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(54) [SHU©***] rt«StKW<o#aiM;«fi 

(57) [gift] 

[lift] NOX BJltZSlOTO^^fblCItCfc®^] 

mm ftmmm i <owis.m® n©, Na kir^i 

1 8CDTSftffl!l(CNOX 0£gSgU t&HJLfcN 

OX fiJc#ro2gffil-&'3^-CNOX B^lR^il 8 CD NOX <K 
itK^^&TLfct^^tv^ttl^Na SSilXSICDS 




1-nBSMIH 20. 25"NOxte>* 

17-ttSi»tt 30-MSCS1B 
16-N0x««M 



(2) 



4*BB¥7-1 6 6 8 5 1 



ifcffl-f 5 NOX &IR&J4, 

BfriENox *«arMN«>»ftfl»CEl£*i 
©NOX SgSrMffl-t-^NOx *>^i v 

ME NOX *^OttmLfcNQX SWHTSfl-rO* 
^^©NOX jgSlwS^v^r, SufSNOX KO*to>ft« 

NEK«MttfltfiT Lfc tmstiit 4 * Jr. Me no 

WtfcbT. NOJCKte**»?,»iRL*:NOK«rtt(il* 

fflLfeNOX K«»T«flr-C©#ft«©NaC UT^Bf 
1=4 o fc 4 # N OX »iR*l©gfc££ iiifiTL 
IW**3] rt«S«tBa©#aiiK{cffig$nfc »a 

3NOX Kit2SiJ4 x 
^IfiNOX Kfc»±tt«©tl| ! ftrf.© Nac MEtftw 
5 ±ftfl N ox m&®tii¥% t . 
BSI2NOX KiR«T**©#ft«i8K: fiBSft #J5lfl 
©NOX MtfctfMi-f STMlNac tyft * 
*«-t««N<a ■**W¥aic«tO«Wi** l fc||9BN 
OX »**.fc*«-c©#ft*©NCK S ff4. ffl£ T ft 
«Inox t^fciottWiiifciMBNat 

^ttldLT, NOX W«*68i||iLtNatftBIS 

4 zffiztzm.mmmis.mmm, 
ss4saie™iT-©NC8( a**©**. b%«£it 

fcft 4 » fc N OX K«MO«JKttX|#ttTr Ufc t n 

feismxm 3 i-iE®©#^?tft^g c 
J»**6I BWB««#ai4. sfrteT»^© N a 

SS4mriE±»jNOX 3fj&tt«± K 4 
ofc 4 * fcN OX KflStflroHJRfcftdSfc-p Lfc t wet . 
Sii#«3l=ie«©#5a*ft:&g = 

e j »BB±aE«N ox ®mm*m±. mm 

NOX »lR»i:*«©#fta RK:EH$h(fc 

nox not ^■w.bfcsBwwia* 

6 5 ©^r*l* 1 flCffittOftjSfftgi, 



OX ««*r«»-f6*»ttr«Afc«|*«3*»65«!)^ 
ffl-f 5NOX 55^J4, 

H&feNox »"Dl*OT«E«©»«Uii!5K:EHSti »ft 
*©NOX *tt*4*H]-*-3Nog[ irv-^4, 

9r%*»nnni-cM&NGK »iR«K»At- s#«©a« 

fi L 5S^g:4. 
l 0 0 0 1 J 
10002] 

[&*©&«?] -©«©#ftjHkilB©flttrr± 09 
*.mmm e 2 i o 6 s 2 6 

KS©#?£TT-NOX u 
*M*ft*«>N0K *«.RSttfca v K^J-©^© 

OX **ffl3tf*4ifc|camajifc Na Srig^^^ 
^<t?|c:L^fc©-Cifo5 0 -*-ftfc t . 
«> NOX KlRSIttNOX !»)R4Sttt}. ii^ffc4^ 
51"- ig-tj; 5 j- LTlf ^ o 
I0 0 0 3J NOX NOX SJMWlUtlRL 

fcNOX **S«*Lr. NOX KtmiOKft^iftjK^ 

nox fi («f„» ic^< icotiTNCX mm** 
<eTLTfrt« NOX ««OBtf»iR»i|fiftjR^ Nac ft 

(ft**) ta»Lfc«ft«Ai- 51Wlt<0Na 

4 ^ MTJ ft < 4So ils^^Bg 62 j 0 6 8 2 
6^«©ggrti, NOX SftJUaJ-jWUNcj 55 
**trofcl»|c, NOX RftaWcRlRSftfcNct fi 
*«t* LTNOXKlR^KiRgg^^-pL^^ m 
NOX *«*©«fe»ffftfT5 < t5KLTV^ 

Me*, ^air-m, ir^©Na s««^e>o«« 

LfcNOX ©»ffl4iS5ErWk4©tl^S: r N a KiRa. 



(3) 



*#M¥7-1 6 6 8 5 1 



[0004] 

^^Il-ll^LTv^5i:. mm(Dmm^mzx^xitn± 
Wimmnztizm^ox ©irsijonox Mzft^es 

nox mfflTffiimmmzfrz*. o K^^m^^ 

So 

[0 0 0 5] Sfc, nox ^mnmamt, ftfflJ-J: 
5 nox f&HX#l©&ffc (tajxtf, 
KJ:0*fl: U6T) U Mlc^fkroSS^— CfcoT 
fcNOx (KUxftlwaft (t/^j£S) ictij^b-r^c r 

©fc*. NOX KlR^Jtfl'^iRLfcNOX 
oTfcNOX TO#l©NOX KiR^g^li^kcoSa^ 
^®ftOSCT^fc^5„ ftoT, ±E4#0f!IIB6 2 1 
0 6 8 2 6 ^<£f&©&B© <}: 9 ICS £t&H££tT p i$R8l!H 
H£-£iKlw!g£L;fc©-m. NOX S8iK3j©&fcl;:jS 

[0006] z.(ofm*MVtf-tt#>\^ mm<Dm&& 
m<Dn*.®ftnnrmt:%it£ £ ? t lx, 

NOX "RiK?r<l©NOX i&tiimvgttZkotemfc&ft- 
T-ms£fttt;<7>RS]ll£*a< Lfc»K fcsvMi, no 

[0 0 0 7] L7)»U rcDii-e-'b, NCX <Slfc3J©NO 
X »iR«B*4rB»ttW1-5rfcl4-C*4v^», NO 

■Ct^V^S^fc^o fiSRtf, ±E!ftMBB6 2 10 6 
8 2 6-§^«©3£*-Ctt, NCK »lKffl<Bff£«fcffa$£ 
14, NOX »ifc»J~©#^©SKA£j|g»rLTiS5cffl©& 

ox R«i*l^©tll«<D*l»#aafcfT*tfv!e< ftofcj: 
5 NOX RiK*l©ff£#*;fc£fc4ofc 

9, f?£&©NOX TO#l#£*:l-NOX Rifc£H#rt5 
mllC^ifCONOX ^®l|XLT L*9fc»lC, &ICNO 
X ©(»itX«:BB*&L;fci:£l;:*>ailft©l;©NCX as»iR 
affc»#i-5J:5Kft5. r«>J:9ft«*K:i2, NO 
X <KlfcflJ©NOX <&l&mtl\t<&®.ffltetiTfrbi&TLXt5 

*). &m&vt*£it<Dmmiz&cxmQLWiftmftmmt: 

[0 0 0 8] #3HJHI±, JhfBBaillcitE*, Na KiRJW 



[0 0 0 9] 

8m£»Jt#y-v©ttKNCK fcRiRU jjfEA-TS 
^mro^Sffi^{£Ttfct#l-KtSlUfcNa Sr«tW 
■T5NOX KiRJWt, flfrlSNOX <&&mTffiM<n&%m 
Ki-seE$ti, #Ma*©Nox ffiftSr&m-tSNox 

V-fri, WEN OX ir^co^fflLfcNOX RifcfllTS 
©-NOK jgftl-S-^T, ifflENOX BSlR 

^©(iRiR^OfiToWSStrWJ&taW^ai. WE 

<&tto.mjjtf&TLiz.tmfeZfrizkm. wenoc a 

\CIX, NOX KJR^P>!SlRLfcNOX SriicWS*5 
[ooio] *fc s iS}#*2(wE*©*$SWK£;fttf, 

vf-w^mufcNox w<&mTffi.mx'<n&%<t>v>H(x 

ft©£fli$;65ft i # N a KJR»J©KiRI6"^ 

[ooii] ii*«3iiffi«<o*«wiiJ:*iii, 

^y-v©t tl^NOX ?r®iRL, ?)!tA1-5#m©^ 
Sft^<£TLfci:#lwKiRUfcNa SrfeW-r-SNOX 

buibnox *da±a«©#j5*©Nac a 
ft£&w-r5±»itffliNox -afttftw^et, frtfiNox 

ft^tfeUH-STSttfflNOK -trv-^t, BfJE±«ffi)lNOX 
i8ft^ai¥Slc:<}:?)^til$lxjtWIENa KHx8j±ijfE« 
•C©#m , t'©NOX Slfti:, «fl!ET««INOX -trV^ic: 
<t"9«lttl^nfcBflSENOX KlRSiJTSfEffll^W^mtfroN 
OX Sfttl-S<5v^-C»llfENOX !!5iR^]©®HX^^©ii 

fet^^Jifcitlc, SfllENOX KHXS>llC!j(tAl-5^ 

%<D&Mitzy y^*fci4as&s«sjtu:LT, no « 

HKffl^bKUXLfcNOX fc*a$tf$ff£*«, t«rii 
[0 0 12] B*3S4liE«o**WCtt, ^* 
ffl)T?©NOX gfttHftteT«ffl|-C©NOX Sftt©^ 

»*Jfi3tE*0«(J]li*Jlr^T, «r»flJ3t#att, WE 
T»itffl!lT*©NOX j8fttWE±«tffllN0K &&k<Dtt 

7)5iST Lit t WJTi-S J: 3 »£ Lfcrt*«H<0#*iWU6 



(4) 
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[0 0 13] *tz x »**6fcB«©*«f]?|i mjft 

mummm***.*. mm? 

*ht, sfr!E±»g«!iNox afttttums. Slifaara© 

[0014J IMSCMfl^cj;^ 
H-J'OWfcW'liaNa Sr««iu *ft*ftft 

<R«t. huIENOX H«K*©T««©#*»ttfcEH3 
ft, «^*©nox Mf«r*W1-5NCK -fcvf-i m 

HZLfcNOX ^Stm^^SNOX »ffiJW©S4*f^S:ff 
3W4¥ai. flfrlENOX ■frvf-fci9»fflSftt#j 5 
^NOX Mfc^T. BWEff^aoBJENa 

fmmzmmnmfamjE-tsm^ km 

[0015] 

3» El (A) NQX KiRffleONOX i«m iTS 

01 (A) K*, V , T% KtWENa ft**, « 
WliNOX WmKDNOX WSWlfetft^^u =* 

J«^*©NOX.ft*, OUTtftCttNa ««. 

*. Hi (A) i^-f«fcp|CNa.8SiR#j*NOX Kfcn 
*p Lfc*;- NOX BMK^^ftViWttjtA^^oNo 

f J* N ° X 85 (OUT) 

nox ft* (in) m^xm^^zmw$m 
ox KnxmoJtaicj: o nox «**©«MBa#*-T 

T3fc». T«K«Hj-t- fiftfrfxDNa ft*f4tB* 

u nox mmmcomnn&immz^ trnx-rm 

*ONOX ft* (OUT) WWdHtoNQ, g g 
ttWB6 2 1 0 6 8 2 6^«o^g-e» ± , - ntrK 

f^rtJW *■! (A) l:n w-eo^ufcRjt 



[0016] 01(B) tt«&*»o« St . Na KftJB(Z) 

5. @1 (B) -CI*, NOX »«l«|0«|fiii*fi TLrix 
'>/«CV>NOX KlRS-CNOX KHZJPJWKlRJg/, 
*«Tf5*3K* 6 . ~<ot z ^ Hl(A) ttt ^. TK 

«Mfc*fe*W?T*«©tim*wNa ft* (ou 

(A) iHCTl KHeLTV^OTIi, SSgftfrfr? 

ittNox ft«ftr*««>#ft*«> Na 

10 0 17] 1 jcBtOftW-ctt. NO 

»4-©T8MlNQX ft*liS^> T NOX KiRSJOKiR 

[0 0 1 8] Sfc, JkK©B«l|ga«><£T©*r*e©«j£ 

<m#a*©Nox (gu (A) (B) , N) 

So :ofc», T««M[+©Nc«««wtana« 

(01(A) (B) 0OUT^Lfc*-^ fl#) , ± « 

(0 1 (A) OA^ ® i ( B) nA ? ^ " t 

&. w©*ft^|4N0K RtHWottft*©^ (0i 
(A) (B) ) fc^bfe-f N« «««!©***«Mb* 
.^*«2|C|eic©|g^TI4 T 
FllNOX S«^±iB©^|ft^(^jitLfct#ICNCX 

fc J: 9 . nox HtomnmtnKitKLfrfrtot,? " N 

OX !!SllK^j©NOX ««**«|b*fcS|»i- 5( | K NO 
X «««0***A*:Ha[S# S j : 5 KLTV , 6 
f0 0 1 9] NOX Pi}lR^JT»g(l|NOX ft* ( ± 

nox »*«i©««ttAaj- t . T . fcoTt>> Na KJR 

«£«A*S#«* W Nac ft* (NOX K«»±«« 
TSflNa ft*©*|cg^> TN 



(5) 



t#B3¥7-l 6 6 8 5 1 



[0 0 2 0] lit#Jf 3(CB2ifcW3£^-ei4. ±i)S(IJNa 
OX ig«£&ffiU ±5itffl!|NOX JSS<tT»!cfflNOX S 

st^^fwS^j^TNox »ijiRSJoesiRtg^&*ij^-r 

Srid.t'J. SICIE56I-NOX KllZSlWdSlDl^OfiS 
!4jjftA-f St/I^WNOX W?*., iWcltcDNOX * 

5 r £ 2)5 -c- £ 5 J; o r £ # x- § 3 fc 
±«MNOX »*fcT*HNOX Jt*i*rfl|V*5:: 
£ I3«k *> MfcSiRflfc^WJgSrfT 9 r £ 5 0 
[00 2 1 ] 0)J;ll4\ ±M|NCK Sfit TWAIN OX 

&mt<Dm\$. -r^t>*>Nox wKflji^iR^tutNo 

X ft£«U NOX K^JWSJUK^^^fiT-f-^t, 

niasc-oh^Ois, ffi#Jl4KfEtt<7>3SiJ! 

T-I4NOX "Si|K^|(7)±!S{|l!lNOX g££ TStffllNOX Wk 
& £ <r>mmfemv.T\ct£r>tz. £ # icn a ©iK3J©K 
iRffi^&T Lfc £ «j£ LTV >5c 
[0 0 2 2] tfc, TififfllNCK «flt&±8lf«NCH ffi 
&£©Jtl4NOX KiRfllldSEA-f 5NOX W^^NOX 
tSH2^lt-®lR$tL-f Id NOX M?PJ$rjii§-r5NOX <D 
#I££3?U NOX RiRfflOKiRffi^fiT+St. * 

NOX !Si|X^J©TSfti)NOX gS£±jjfc«JNOX g££ 
[0 0 2 3] tfc, tt#J«6i::B«©«WCtt, ±«M 

nox »a*w*at ltnox «iRm±aE«#juiis 

KNOX -tevfrfcRtt. jtfcbttffiNCX igS£&ffiL 
tV^iS, NOX MlSI±MN#^<7)NOX &&I4. 

T*5#. ±St«lNOX &«&to^©f±, tiwite^f 
*>e>IB]^Wlw±^(H!lNaC fiS^ttJ-fSJC^^LTV 

[0 0 2 4] *fc. ±iero=S-§8#igKie«ro389!-m. 
NOX KiR^JWiSiRfiE^fiTLfct^SnSft^N 
OX "S8i|XfflroS££?T?<fc5fcLT^$#, ^ft^lCt 
5 N OX tSiKJ?|tf)£&?ufittf>&TI4«ffl £ £ Kit 

14. ff±#ai40f^o^ffiraiH-CNa KlR8J<Dff£tfc 
f££*T9 t^iat, *fiiE?&liJ:9T«ffllNa gs 
icS^^r^.EP^fBlRSJPa^IE-r-S J: 9 KLTl^-5e - 
fUC^. NOX «iKaj»#±a>l$fS]l8iPI»4NCK KHZ 

3W«)ttfiiiBt«)teT^t>«rn**iiSJ;5t*9, Mr 



[0 0 2 5] 

2l4#3&9H£. #Mi§KlCNOX BSHX^JSr loiBBLT 
t*ft©#fl:*fT3#ft»ft*BlJ:iifflLfc»^«r» 0 3 

fi£«r-en-e^bTv5„ in 2, a 3 nasi^-cra 

[00 2 6] KAT\ -e^no^SSCTI-o^Tlft^t- 

So a2ic^xii4y-v£j!»it<^&£ff ?r£<?> 
6tt*n«>»iM*-K sihmuk-k***-. 

#K^*- h 6 liK^Kf 9 LTf— f >t 1 0 
- h 6 fcflM**«SJM^-5JK*W«t# 1 l *EB*nr^ 

So 

[0 0 2 7] *fc, -y— S?*^* 1 OI4?SH<u§g8l 2* 
ftLXx-TtV—tl 3lCjgfrf£ft. «S^iiKl 2I*3IC 

K— l OKI**- i?*^ l ortcoifeStffi^lc: 

[0 0 2 8] -3Sr; «Hl h 8 Uigrs* 

^Kl 6$r^UT#^ii!Sl 7 K****vCi8 9, ftft 

aesi 7imig^-rsNox kir^h s^rtKufc-jr- 

'yy^fx 9*gStt$*t-cv^5 0 0 2 lc 2 o 
©tt. nox @*Hx#Ji 8 0T««©#«»Blcas:tte)ii 
fc, NOX gSSr&lii-rSNOX ir>*Tfo 

[0 0 2 9] pSt<0NOI fiK^Sft-Srftffll-SNOK 
■feyf-t LTI4ffl>*<D^-1 , ^5fc-5^, ^Hlfifiai-Ctt, 

wat'WNox BK^»«S:yr/^'r A-c^wuNa 
t'wnox -fe^-cfcHtfffiffll-Sit^-rts. 

«©NOX -feV^t LTI1, tSJx.tf^^-T mitf-t 
14. ^m^ONOX (N04fcl*N02 ) ^-fe^^ffi 

^ -Y t 5 gl 2 ic 3 o f^-r© 
ii. mm i o«i^jfl?iHi?g-r-fc5„ tfflffSRsoa 
rom (y — K*vy^*y) 32. ram 

T^-fe^^^y) 33. CPU (v^^n7'n-try-y-) 
3 4 . h 3 5 . fflflstf- h 3 6 *-e*V-?lx^ 



(6) 



1 6 6 8 5 1 



mm%<Dmm<o&*mm&n ? is^, xmnumxitNo 

OX »iRffl©H4Srff5?f4^a, NCX ®J|23J©|S£ 

[0 0 3 0J ±EBtt©t». «l»HB3 0©Aa#- 
h3 5{;:i4, g«UE*>-!M S*»f>«)KSflE>j|ci£;i;fe 
NOX ■fc>f-2 0*>bNOK !»i{Z^lT»£ffl!l 
#«+©NOX aft«r*1^|fiEflr9«t-t«vF«lADXtt 

«3 7^urA/j$h-Tv^te. aiiwr-c * h y f 

[0 0 3 1 J M»BK3 0©ffl>i#- h 3 614, 

-ErHmMfCf 5ffiK)(5)?§ 3 8^ LTB^W# i i 

WWi«H©£*a«Ht*ailPL-a*5. fc<c, 133 

rt«S»HT*>6. *3S*«-m, B2©X)ttU:i*j|& 
9 . A«MSI» 1 ©#«&» 1 7 IC»4 2 OO^iigg 1 7 
a, 1 7b*»»t6*lT*l0 4 am 7 a. 1 7 b (C 
14. ■2 0»fe«j:ntlftNCK SU, **i«h,i 8 
a. 18b^lL^-»/i 9a> 19b#8tt 

[0 0 3 2] #guiBl 7©ifBl 7a, 17b 

17a, 17 b©ttlt©-^^gf3g wHa =,- BB g [tT ^ 
5uiBl7a, i 7b|i#S^ ga ^- 5 j : 5,- <CoTt , 

fc*AU #tt«Bl 7afflJt«£A-*-5ai««fEi^« 

a«K«EAU #A£iiBl 7 b«t«A+5#ftjt#*s 
BC2 2«T#tO|J 1 aJM-fiai^v 
•fftB*3O*>b©«fMr*lcJ:0, ffl!>**#2 2* 

[0 0 3 3] MIC. #ll£ji?gl7a. i7b©Na°eg 
mi 1 8 a . 18b ±*flKl±Sx*fttt/ X*. 
•f*l4 2 a . 4 2 b#tt«$*iTV^. «jc«ft«yx 
^4 2 a. 4 2 b!4, *J»I5I?S3 0«*&©MfPflr«lO£ 

^T±iE#asEi;«sfi»$*ijt«i©Na <&mn 8 a 

Sfctti 8 blzMxMtXteLXNa 8flz3y©fS££ 
ff ? t>©T-fcS 0 

[0034] t/c. ***«-C«t»rftaH 17a. 17 
b 14 NOX (fiUxay i 8a , 1 8 b 7M"ffi^ItT 
*5 9. ^©^«»T«©#«aBHc,4, B2£HtR|c# 
ft* ©NOX ^©g^&aj-fsNox ir>^ 2 0* 



Sl4f>ixr^5, H1IC3 0-C^-r©|4(g2 il5H£©Jgj& 
©«H l ©IWiPBi8-C*)«. nVP@B3 0U. *3g2fc0ij 

^•5<fc, NOX KlR^ljl 8a. 18b©®lRgg^ W teT 

■«»«rtf3ttfet. a3cin(Kje£B4 i^6©no 

X(gf|X3J 18a, 18b ^©S^l&fcffl^fr 5 ff£ 

nox ty*2 o©ffl*wsi:r#«[«j«* 

[00 3 5]- ©Mft©*:*, MflpBB 3 0 ©A^JjK— 

»*d^tft«i@tft1r>f-2 i , r w 
S SfrbAfiZtiXV^^ NOX ir>-y-2 0^P>©^ 
^NOX »*«*#AA*tt-o>*. *£JS0!|-C 
14, ffl*B»3 0©ffl;*j#-Hi. 4ftffi©JBft3HKl 

«HK»»IUBIbHK«r^LrttM$h. *««(^©«» 

2 2 a fc«t^S7cSlJ«i(ei| S 4 1 ©S?Jj^l#4 4 
a, 4 4 blcKS4lHlB3 8, B*L*tvfc/ES|flp#$;£ 

[0036] S5Gflft£gfl4 1 l4H5cffl*«. Jpffi* 

iS4 3 7J>6®7caj{fej&yX/W4 2 a, 4 2 b K&i^ft 
5ii5cSlJtt*&i:©Bfti:^||@i^- 5a ,j fflI#4 4 a / 4 4 b 
Xtf, y X/U4 2 a , 4 2 btM'm 14a, 1 4 b t 

®«uyE«siifcii!fta»awijfc«oji»jt#4 5 a . 4 5 

btSrlttt^c ai#4 4 a< 4 4b(4, ^iftS 
NOX 18a, 18b ©f?£t8tf-B$. fflW®J& 3 

*©a3C»*NOX KlRSIl 8 a . 1 S btijgtSA 
©T?fc5 0 

[0 03 7] NOX KHZSIJI 8 a. 18b©NOC~ft 

m. a5Eg^^ (mm tm+z&mt lx& 

V> x «(ft, *Ttt*©tt«aR^#|tffi TS5o *H9J 
l-«t5^Jg0i|T-l4, MiBfllBB liLTf^flnvi; 
>«rffl^fc»^fcli, MH*ff©tEtt*ajcffl* LT^ 

®tfy^&&f8-fzztfrxzz 0 

[0 0 3 8] j^ir. @2. 03©NOC ®«2^J l 8 (1 
8a. 18b) 02. 03{r*J^T 

^— »^19 (19a, 19b) trtlSftfcNa 
KtZ^Jl 8 (18a. 1 8 b) J4, fljitfT/U***© 
fi(*^^fflL, r©ffi*±{r«»)^|4^y r) AKi ^f.y 
!?^Na , y^^ALi , t->^ Cs ©±5 4^* 
y^S. ^<y 9ABa , A*.>^Ca ©J:3 4rA-* 
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«fc#fi»Shfc«*i:*ix5. r^Ncx «tt#J l 8 

JRU »*S«^fiT-r5tNCK £i&«-f6NOX 
•ifcttHWBtrfM. 

[0039] ft*5, ±id5<o»«s«tfctii, ::*ciiN 
ox ««Mo±aM^tt«SB J ^iBHBft£« SMUIB 

[0 0 4 0] ***«Ttty-^ai»Jto««|«rf75« 
-^Tfo^K NOX RiRfflfigNa^^NOX (DKiR&fr 

X »JR#J±««WftiiK(cia7c*J^«»*n (E3<D» 

ifcLfcNOX ©ttW*:fT5» 
[0 04 1] r©»ttfflfPffl©l¥lBft^*=XA|CO^ 

ttB4 ic^-f J: 5 ^ #~Xi^frto;hT^3 fc<0i % 

t *5J:W/<y ?^Ba 4rm«f^^^Sr«i-f:o-Cift 

A«)*ftJK, T/u#y&js, r/>*y±a, 
[0042] «A#ft#A>4 «9 y -yfc48 

t«A*ft+«>iumi***rti^it*L, 0 4(a) c« 
$n«j:5»-wtie>aft*02 #02 - *fci*o 2 -co»-e 
6&Pt 0>*jfftef*4M-s o IBI^bttNa it 

tt0 2 -£KJ£U N02 fcfcfc (2NO + 02^2NO 

2 ) 0 »cv>-e^)*snfcNOB (o-gijie&p t±-cn 

J**L43»e>, 04(A) l^$3M4J;5lwjiBit>f ^->N 
03 - ^■C!SJR»)rtlwttft-rs 0 r^JzplCLTNO 
X #NOX »4X#Jrtl-»iRSix5 0 
[0 0 4 3] Sot, «A^^(0^g*^^v^®J9 
S&Pt C0^ffi-CNQ2 J55^fi!c$ix, »lRffl©N0K H 

»tt*IK*A-#-6#«oSjBJt*!> yf"*fctt*»SK 
Jtlcft5tStA#a*^»*»K*«TL-CNa ©4 

N02 ) l£i§^, »Jtt#Jl*i«>««>f *>N0B - J&5NO 

[0 0 4 4] «A#5Bt*^*JBHC. CO« 



i8»i-So nox 9itoMfrbtkti\£titMOz is 

IS 4(B) (C^-fi^l-HC, CO£Rj£LTi37t;£tl 
*<4Si»iR«l*»b*3a»feft^i:NCB ayfcffl^fi 

So 

[00 4 5] 8tA*ft+^HC, COtf, 4 

re*pt ±002 - *fc«o 2 "tfc«*>^sjeL-c» 

tLTt>*SHC, COrtS»oTl\frK£w<7)HC. COId 
lCficA1~6NOX *il7C*4x5o 0 2 cDHJS^jm, 

waft 3 ok, a*ium4i*t>«:«i9PLTa*»y-- 

jj^LTNOX KiRffll 8<DNOX »lR**i9*Lfci* 

NOX *s*«HC, COfciOJKciMsSfiSo 
[0 0 4 6] H 3 ©jSHW^tt, ftJ$[§]ft3 0IS 

aii8 b^NOX fSiKirtttti^r^ff 5o "f*to*>, 0 
3©j«fl|-cr*, HWt«I»iL#2 2©*fffcJ:0-*fl!> 
nox BAffl (fl^tti 8 a) t*«»<o#«*r*U-C 
NOX *»iR3i2rSo *fc, »lNa »iR4rfTo 
TNOX KlR^ll 8 acoNOX KiR*dSif * LT < 5-- 
t, #««)*X#2 2*:fflO*AT(l!l*«>Na ttiRM 
1 8 bfc#**r«UN0K »IR#J1 8 a^S^ffJo 
■ffttofc, NOX KUXSIl 8 aldJftA-r^^m^ft^fg: 
«+Sttt>lJl, ®7C^J^yX;P4 2 aHNa ® 
tRSI 1 8 a JdBf)t*«>il7c«l«:S«M-ac ii7C^]^>«^ 

j: 9 nox mnm i 8 a ic8tA-rs#s<&2«jfc# y 

jy^*fctta»S«H:lc4 9, NCX ©iR^Jl 8alt 

^SS^f&Ti-J: 0 NOX RlRSll 8 a*»5>KJRLfcN 
OX jJSJftHJSJi, #Slt^a7c*I^J:9ttHl*ixfcNO 

TNOX KlRffll 8 b(ONOX «lRft*Jt*LT< S 

JWl 8 a«K#«*r*LTNCK «JR#J 1 8a{a^N 
OX ^ilXtrSM-r^^^tlCNOK iftJRffill 8b©fft 

*rfT5. 

[0 0 4 7] ±&(D£ 5 02, El 3 CD3O£0jl-mN 

ox SMxJB»c:J:5#*+«>Nac coK«x<lr nox 
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•0»5#, NOX »«aH©*ffc4iffcJ:»)NCIC 5SKZ^J 
»KlR»re6*ft^NOX ft#{6TL,T<5i, !?£&N 

ox &&M<D&tomi]ifi&Ti-z*vo>tim#&mziSi 

[0 0 4 8 J NOX KlfcflJcOgaftft^fiTte, KiK^jb 
OX ) #$$tl5^\ #&tp©SCK l2±j£©NOX © 

». nox m^mimnsL^titzsox ku^nox esux 
tt^y-^©t##a«f©sa (fluffs 02 ) as 

&P t±T6lft;StVTS03 - , S04 - fcfcfl, g/t: 
'^fAB.oilS^LtB.soitjsats] 

Ba S04 ttJtftttSJt-C*?, *fc, 
K C©£*, KiR^tifcSOC lijI5£©NOX esiiz^j 

SfSlBj^&S. w(DJ;p(CNOX (glR^J't'OB a S04 

<o£fSfi;4sjf i nox ©KiRi^ig^-e^ 5 B a 0 
ffli^LTLSlv »«lisriB4«*Na ft (ffiiftj 
ft) *5ftTLTL4 5, t*i3i»SttftJft« (*fcttso 
X »») #4t5«fJ,5 t NCK KliXS'l$rg:^ 

[0 0 4 91 WC, laacDHJgfjOli^-Clt, M«.fl|» 

ftW^-fctNOT »!R*JrofiafPftO<6T^4C5 0 -fft 
^^-#2 2^gfJtMS*t?Efl*-arTS^+ON 

ox «iR»t*Ai-5t*fto«ftajjtioi- 4t4 Na 

*V\ NOX 5WW©NOX *5jfE»l^ffl$ti-f, f¥ 
£«©NOX M3j*©NOX £g#ft#i#*LTL*? 

[0050J *fc, IMIWnSfc9KNa*wiit* 
IX NOX ftli#K:-STtt4<, (SM 
Heist (*mu) , iM*f«>Na ft*, 
©«B8WE*frKJ:9**<«fl : -t-5 <1 -© fc&> NO 

»WIB 6 2 1 0 6 8 2 6 ft&fltoSKe «fc 5 KBtu 

f£*fT5*mm»*-£fccBj£Lfc©T?ii s no eg 

[005 1] **WKJ:5**«!-ci±» NOCKKffli 

8 (18a, 18b) OTffiWJfZKlUfcNa 1rV-y- 
2 OI^D, NOX »«i*«rT««#a«f©Na{ 



**aj-*"5rtKi9NCK »IR«1 8 (18a, 18 
1 0 0 5 2 1 JIT, ±teHlfe^©Na Kfl2JWf|^B$« 

13 2. iss^Mtaffl^s, 0 5 \tmm^ 3 

NOX KiRJM«)»iRIB/»*sfiT-r5t. ff£*T 
»T««#«©ncw »*Wg*-*-5J:5iwfc5. $ 
fc. 01 Iw^LfcJ: pKnox KiRj?PJw^fb^lci5fia 

^-^fcg&LT, ±#*-yiC^ft.S (0KA) (B) 
KfcCtSA, A' .1?.) tffcfflSiifcifcfc. NO K<z 

-iXfCj: NOK ««WW©#fc^«|18j»&R 

ftO»k<(tfca»^t>e>-rNac »JR3iJ©NOX bursts 

So 

[0 0 5 3] 0 5 Kfcl^T/l — ^V^**- Sir, 
^5""5 0 lTliNOX KlRjWl 8 (18 a, 18 ' 
b) Tgcffl!|©NOX -fe^-y-2 O^fjNOX eSitK^JTMiW 

(4Hfr@/i--^^ffBt©NOXgaNRi-l •Srffl^-c, 
NOX »«©ltiqit*DNR^, DNR = NR-NRi- 
1 tLXft%£nz o 

[0 0 5 4J ^fy/5 0 5Tli, ^7^5 0 

3 vwm LtzmmmD n r t , mw^-^ynn^ 

IfADiigDNRi-l iSr/HUT, NOX SSii««© 
«fttD2NR#, D 2 N R = DN R-DNR i-1 tL 
XitWZti, T-^ryrfS 0 7-Cf4, ft(5]©/^^>.||^ 
K*ATNRi-l tDNRi-l Otf^MifSns. fcV> 
"C. ^r^5 11.51 3"C«, K*iiA/ATT»«N 
ox SSNRir. ±!2lcJ:9«-jfUfcieiD^ft©3gfk$ 
D2NRtO«f*»e,N0K 8 (18 a, 18 

b) ©KiRft^#fiTLfc*»5*»aswssii 5c 
*>, TStfflNOX MNR^JgjiN] W± 
5 1 1) -Cfct), ^ONOX ©t@*0iSS©^fb^D2N 
RaHfnifcii* Ur^5l3) ■C*>ofc»*K 
»4, NOXKHZi^llS (18a. L8Th) ©Na«lR 

5^5 1 5CJ|t*f|47 5^FR«r-fey h (=1) LT 
A-^VtHT-f 5. *fc % ^x->^5 11, 5 13© 

[005 51 *7-y?S 1 3T>ff47 7^FR#-|ry h 
(=1) ZtlZt, »JJfiW»iaK3 0li«k0 3«f*#iS 
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ii7t;^j«*& (13^) la^Na gtw&onsEMk 

ox »iKffl<DS£#»T-i-5t, «W»fti*«»*>y 
FRIiUiryh (=0) £*tS 0 4ib\ *Hi6«-eT« 

^5i3) (D^Kb-r. T8ft«Na m&»mfcma 

±fc4ofc£fc (xr^5 1 1) S:S*»ff*fTO« 

lcJ:«9 N NOX KiRa«caA-**51»ftN0K 
tw«^LfcJ:5ft»^(^i. TSMBNCX fiJSfc-tti^ 

T^4<-Ct>T*«N0K ftttaig2)Dft1ft(::£AAfc£ 
r^i^il^NaWIO 

[0 0 5 6J r<Oct9(-> *3dSfl»|-m, Na piliR^J 

T*ffl#«*0>NOX aSSrftfflU NOX 

Effli" SrtlCcfc 9NOX «iR*lO*fc (fiSifta>S 

ft) *mM0>M&RB<oXit#b*Xb* Na KiR3J 

*rfif3 r £#^66 £49, NCK iftiR*l©»*rtfi*«)fi 
[0057] ±IBHlfi«-CI*, Na ftlRffl 

TMfflNox »*«fl:o*^i;^v^"CNa »iR#l<z)» 

!Rlll*«>fiT^>#««r*fflL"Ct^fc3»5, Na SSiRSJT 
StfllwNOX »*tt % nox Kft*l©*fcw.ttlB3»R i: 

-Cfcott, NOX KlRJBlcaEAf-a-^ftONCK SJS 

#*ftr*ui. «uacuT«iw-s. i-4*>*>, *&m 

m^NOX »S*s»St-r*itfT«iB0<ONCK jgSt-ttl 
^J6i:"C«|*lrt-5r4:^45 B Z<ntzfr. TStffllONO 

[0 0 5 8] 06, H7KR«1-5*lt«-C 

8 (i8a, i8b) ±ffim(Dwn.mm^ raw no 

fllNOX gSl^PxTNOX PJ*lK#J±tffcffl]NOX 

^TNOX »iRa©KiR(fi/jOfi:T*:*iJ3eLTV^5 a 
[0059] Hi 6 otis— ^-m x N a P^lR^i 1 8 

(18 a, 1 8 b) iJtfllNCK »StT8l«INOX » 



t"5c NOX KltX^J^±SSfflNOX fiStTSttfflSNOX 
fcNOX *tr«-rfcftNOX RlR*l±*«fcT»«|ON 

ox ftsn^ea-rsc: fci^io, ±Ii^Na &j* 

[0 0 6 0] H6|d*5l^T/W— f-Vd^^— hi-5t, 
^fj//6 0im T8fEft|NCKir^2 0^6, N 
OX »tt#JT««#««t , <BNCK BftNRD#R*&* 
ix, ^f-yfe 0 3TJ±±8Stffl|Na -fc^lf-2 5*»bN 
OX »lR#J±««J#««t"(?DNOK MNRU#K»i&t 

CNRDtNR ^31 A InPR ^fi+gt S Jx 5 D 

[0 0 6 1 ] 4^7X7^6 o 7Tli±ieiwJ:i9H-3S 
LfcjgSM A N R^^ffi A N Rl«T*>§Jto&s*U££ 
*x£ 0 ANR^ANRl +4*>*>T8MllN 

oxjtsas±st«Nox jta^is^v^ri^5»frtt, n 

OX K^JO®iR^^<g;TUT^«9, ff£»ffc»#« 

Rfetyh (=1) LTA'-^SrlftTl-So *fc. * 
f7^6 0 7T'ANR>ANRl T*>5»£MI;J\ NO 
X «ffi»#«A1-S**+<BNOC 
339, NOX KiR#]0»iRtBA3iSfiTLTt^ftv>i*iJS 

[0 0 6 2] 4*5, ±8E3f£ttANRl ISNOX »lK#J 

K .(= 1) >ttSfc. 9JttMfflslR3 o^«t 9H 
fT*tt'SH T ^ : Lfel^^>fcJ:0 % Na KHX^Jl 8 
(1 8 a, 1 8^ : -©S*Mkf^**tTSJx8©tt, 0 5 

[oo r 63] .±E*lfc«"C»i, ±atflJNa 

t Tains n ox ^iANR z&m-r 

^^ANRJ^^/^^-^Srffl^TNa »JRfflO« 

OX »«NRDi±jMBNGX SfiNRU^CQJtRNR 
= NRD/NRU(Cj:i9NaC BftiU^lcOKiRffi^SrW^ 
-*-4t>*>, ±K»*ttlRNRtt, Oft 
Al-^Wft^ONOX ^5^K«X^nTl-Tiittffll-«tti 
-T5NOX ©W^Sr«rfc». »«JtRNR^**Lfc 
li^ttNOX Kft#JOKiRiB**fiTLfcrtt:*McL 
T^5o t:^ »*©ftANRj95]5rSM£JlTK4ofc 
r b Zfem-f 5 ftt>«9 t-±iBfittJtR N R#3r£«RN 
Rl (WxtfRNRl =0. 8^5) «t^#<4ofc 
r<b^^UiLTNOX ft«Mott«ttAottT«rfl£t 

[0 0 6 4] H7ttjftj£JtRNRl::j;SNa mm9S 
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zmmzmnznz, ®nz&^xn<-i->#x9- 

iffiffljNOX -fe>^ 2 5^6±5E(H3^^ WNa 

5 TI4±iet J; t) lfcWAA,£;N RDirNRUiroitRN 
R#, RNR = NRD/NRUiLTIf»^jt5 0 
[0 0 6 5] ^^(W-mifei^jN-g 
LfcgS«JtRNR7)5^ftR NR1 w± (fl|jlHf R 
NR1 =0. 8S«) RNR^R 
NR1 "CfeSS^ tto^TS«Na S«^±5gffiJ 
NOX miZft-i^X^Z®^ NCK PiJlR^ii 8 
(18., 18 b) icust^ft-f (CN a KUKSJTSEffiJ 
fc*|-*-«N<M LT*S»), NCK (gqx^co 

0 9Cl*ff4 7 ^ FmyI , (=1) LT/p _^ 
>*»T+S. ^fy/7 0 7-eRNR<R N R 

1 -e*5»£icii. nox *«JM*aEA-*-*iM[*»N 

OX ft* 9. NCK ««*«>tt«fHj 

[0 0 6 6] St77^FR^ts/f. (= 1 ) 
^>IC4«5, NOX?fii|Xffli 8 (18a, 18 b) ©ff 

fc»*.T. ±««N0K «ft«r«WL, ^«>Na * 
*©fBSIig&Kg^TNOX KilX^WKiR^SrW^ 

NOX »l|!l»lC«Ai-5#«^o N a[ 

^«t3 4»^fctiE*KNai »HKJPJ©!»iRtE>j*.»i 

[0 0 6 7 J !36^t,H7W|gl6^-c, JNa K 

«*n s (isa, isb) (o±mmsm»knm t 

fc±««NOX-fev*2 5 (13 2, 03 3) NO 

x s«*i 8 (isa, igb) o±mmn+<Dno 

X«MriW»HJLTV*fc#. NOC «<WW©±j|«N 
ox i8£l±, *4*>fc^*»e»»aJ3;h*i»*#**© 
NOX «H^b#ffl**i5# a ^ 

®nox »«tt«HA«ft»Aaa*4^ HBtefc 
frfciPfteshs. -tz-e,.±aa©j:5KNa»(ji 

[0 0 6 8] T»«H*«ffi/,PM (112© 

•a) *feiir^-t/H»*Acc (@3©iA) 

PJ*©NOX WtRNUtWlL-C, KftJErtPM 

(lfcl^D y ^ WACC) tiMEftNtoHjRt 



LT, NOX jg&R N U£l38(A) (*fci4H8(B) ) 

ROM3 2t*«LT*J<. *fc, @6^/6 0 3 
i@7^x-^^7 0 3-CI4, Nat>f2 5^NO 
X«««18 (18a, 18b) iifflNQ^I 

f-2 i2»e>is*iA^« ra@eftNt4 . fflv ^ ROM 

3 2fctttf LfcBS (A) (*fc|4H8 (B) ) ©fc*y- 

[0 0 6 9] r©«fcp(r, «gaafi^#^p, Na KlR 

NOX aaftLkftflONOK -feV-^2 5t«BU 

xmm-tZc -te©**iW!-cttNac KiDi^j-F^iiN 

OX iggo^fblcj; 9 NOX aaffl©«JR«J)*H£ 

t, *^js«bjt-i±nox <&®M<7>i$±!6km*m?zmk% 

©«t 5 fc»ft«ff©HfTHBBSr4itjE-*-5 £ £ fc* o°T 

[0 0 7 0] H9l4*Smfl wNa KlR^co^n^ 
WW©IW»*RWi-5HT*>* 0 0 9(A) (B) (4 NO 
X «iR3j©NOX KlR^iNOX a«fflT*fl<0*ft 
<F©NOX l iR«4H-C*>S. 

J60J-CI4, Mff|§IK3 0I4NOX K**I#NGK 

SNAR^fflL, r©NOX »*NARI^S<Jv^ TNO X 
»«*©NOX BSDK^-J (ff±*^ ffBW) mmt 
5„ 1-/fto*>, :ONO( »SNAR^50f^i| NA cj;o^ 
tV^litt, NOX »E»©»lRtty J ^ e - FLri , 5 
ir*U»fLTNOX ?Si|2^|WNOX KiR^fg (S±ttffe|| 

• NAWCBfj&HNACA^/hSv^-Ht^ NOX 
©NOX «tt*Afc3E»fc*MMIfc*fc* WLTNa 
KHX*J©NOX Hdi« n (S^*^ WH) tBfSl| 

f00 7 l]^,4, 13 9(A) (4131(B) t^|«fcNO 
XWtoNOXM^WLfci^^f > w 

m>P©NOX (TiilflPINOX -tr^-D-2 Oftt)) NAR 

*-C«S4*fP3SfTWHmnT tiSStAT«itfflH- 
m(C4!9, 09(A) |CH«T^«fc5IC NQ 



(11) 



4$M¥7-1 6 6 8 5 1 



[0 0 7 2] HI 9(B) te±ffifcaSldigte&{*<D£ 

(I, NOX KiR#J(Z>NOX »lRfiB^^*«f^4Cfc»^" 

«r*1- 0 r<0*3\ nox »iR#J<o»iRffi*t*16^*) 
5fc»* »iRBB»a«rWTT«ia«F<0NOX »iR#JT« 
ffltlMK * © N OX NARte/fr NACICit L X V * 4 

v\ L*>U w<D»^t«rigtBICff4akffjlfTBIIH-c 

NOX »lR#J<OS**tTofcOTIiNCK »IR#JONO 

x BJR*a«**VM|fc«-c«4fe*rtT5ri:fc«9, Na 
r^»fi*JiinaB3oi4, mj§\$.x<D¥ttk&ft 

Hft^PSTINT SrBf^ll 1/2 • AT) fcttif 

*LTNOX »iR#J<ONOX KlR**S*»KitJ!lPLt*» 

nox f»Hx^)^NOX KiRllB**:**:IRfcSfflLfcS»* 

[0 0 7 3] **5 % ***«-Ctt, Na SgNAR(7)^ 
^jiNACI40»Jxlf. NOX Sft«lC*Ai-S±8M>#* 
*tf)NOX (IN) CD5 0/^-ir> hajtlC, * 
it, nox »*<0WS*rfT5«F»l'ra tt, 

vkfctffijm (mt-ttsft) ©i/2i«©»nicKe 

^H5 0 01 0l4±ie<7>ff^»^HfT^PB^ffljESi^ 

[0 0 74] Hi OtejSVv^ !V— ^va**?— hi~Z> 
fc^fy7"l0 0im *IB t jJSBfJtWHUlTR 

^*j»f $H5 0 aa«fW t ii»i£<oBi 1 1 (DAs—f-^T* 

$l?£;H5NOX «IR#|1 8 a, 1 8 b<Dffl»*.aSfT*> 

n-c^e>«)ftia«Fra-cfc5o xr^iooitt^T 

1 0 1 9T#!7-t-5 0 ifc» t=TR -CfctV«, X s ? y 
^1 003 ^flW*6*#Sr«1v<9 * ~* t \.X<nm 
MIUilfcS&N f: T * ^M* A C C £ #**teMr V* 2 

U 55 (03) ^T7^1 00 5t 

i4rtieo/^^-^^6H8 (b) \cm-3\,^xmm?>m 

llo. 5) trJRCfcHasNici: 

[0 0 7 5] &lvC, Xr^l 0 0 7TI*TSftfflNO 
X iryf-2 O^ibNOX BJlR^Jl 8 a N 1 8 b TSEffil* 
^(DNOX »ffiNAR#K*i&*ft. ^7^1009 
Tll±!aNAR£NAC£}&Ufc&£*t5 0 ^77^1009 
TNARiNArcfcofc#&fctt, l!fti£<£>£ 5 (-NOC K 
HX^JONOX BURffi^jflseTLTlr^fcft, ^f^l 

0 1 1 -Cff±*«s3mfflHnNT #ffi*«>-3£«AT*I 



*/\CH«ltlt***l5 0 ^T^1 009T'N 

AR<NAC"C*ofci&^fcl4, NOX «flXfiB*^*^>4^ 
*#*>5fc», **ry-?\ 0 1 5tB«^OTT 
INT #1/2 • AT^tftg^i-lfci: t fct, ^r^l 
0 l 7 t k ttll7ca«|&*B4 l d^^S^Mk^oilTc 
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(54) [Title of the Invention] Exhaust Gas Purification System for Internal Combustion 
Engines 

(57) [Abstract] 

[Purpose] In order to prevent worsening of exhaust gas characteristics due to degradation of the 
NOx absorption capacity of the absorber, this invention provides an efficient exhaust gas purification 
system based on effective use of the absorption capacity of the NOx absorber This can be achieved 
using an appropriate regeneration process for the NOx absorber depending on the changes in its 
absorption capacity. • ! 

[Constitution] The regeneration of a NOx absorber, 18, in an exhaust gas channel, 17, of an 
internal combustion engine, 1, takes place when it is determined that the NOx absorption capacity of 
the absorber has deteriorated, based on the concentration of NOx detected by a NOx sensor, 20, 
located downstream of NOx absorber 18. 




1 . . . Internal Combustion Engine 20 and 25 . . . NOx 
Sensors 

17 . . . Exhaust Gas Channel 30 . . . Control Circuit 

18 . . . NOx Absorber 
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[Claims] 

[Claim 1] A unique exhaust gas purification system for internal combustion engines comprised of a 
NOx absorber located in the exhaust channel of an internal combustion engine which absorbs NOx 
when the air-fuel ratio of the exhaust gas is lean and emits the absorbed NOx when the oxygen 
concentration of the incoming exhaust gas is low; a NOx sensor located downstream of the NOx 
absorber in the exhaust gas channel that detects the concentration of NOx in the exhaust gas; a 
means to determine whether or not the NOx absorption capacity of the NOx absorber has 
deteriorated based on the NOx concentration in the exhaust gas as detected .by the NO* sensor 
located downstream of the NOx absorber; and a regeneration means to emit the absorbed NOx-from 
the NOx absorber by making the air-fuel ratio of the exhaust gas entering the NOx absorber rich or at 
the stoichiometric air-fuel ratio when the absorption capacity is determined to have deteriorated. 

[Claim 2] The unique exhaust gas purification system mentioned in Claim 1 in which the means to 
detect whether the absorption capacity of the NOx absorber has deteriorated or not functions as 
follows. It determines that the NOx absorption capacity has deteriorated when the concentration of 
NOx as detected by the NOx sensor downstream of the NOx absorber is higher than a specified value 
and when the rate of increase in the NOx concentration changes to a negative value.rc-.:.',: ;«? \;o>. 

[Claim 3] A unique exhaust gas purification system for internal combustion engines, comprised. of a 
NOx absorber which absorbs NOx when the air-fuel ratio of the exhaust gas is lean and .emits the 
absorbed NOx when the oxygen concentration of the incoming exhaust gas is low; a NOx detection 
means located upstream of the NOx absorber to detect the concentration of NOx in the exhaust gas 
on the upstream side of the NOx absorber; a NOx sensor located downstream of the NOx absorber to 
detect the concentration of NOx in the exhaust gas on the downstream side of the NOx absorber; a 
means to determine whether or not the absorbing capacity of the NOx absorber has deteriorated 
based on the NOx concentration in the exhaust gas on the upstream side of the NOx absorber 
detected by the NOx detection means upstream of the NOx absorber, and on the NOx concentration 
in the exhaust gas on the downstream side of the NOx absorber detected by the NOx sensor located 
downstream of the NOx absorber; and a regeneration means to emit the absorbed NOx from the NOx 
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absorber by making the air-fuel ratio of the exhaust gas entering the NOx absorber rich or at the 
stoichiometric air-fuel ratio when the absorption capacity is determined to have deteriorated. 

[Claim 4] The unique exhaust gas purification system mentioned in Claim 3 equipped with a NOx 
absorption capacity deterioration determination means, in which the NOx absorption capacity is 
determined to have deteriorated when the difference between the NOx concentrations on the 
upstream and downstream sides of the NOx absorber becomes lower than a specified value. 

[Claim 5] The unique exhaust gas purification system mentioned in Claim 3 equipped with a NOx 
absorption capacity deterioration determination means, in which the NOx absorber capacity is 
determined to have deteriorated when the ratio between the NOx concentrations upstream and 
downstream of the NOx absorber becomes higher than a specified value. 

[Claim 6] The unique exhaust gas purification system mentioned in any of Claims 3 through 5 
above equipped with a NOx sensor located upstream of the NOx absorber to detect the concentration 
of NOx in the exhaust gas channel on the upstream side of the NOx absorber. 

[Claim 7] The unique exhaust gas purification system mentioned in any of Claims 3 through 5 
above equipped with a NOx concentration detection means on the upstream side of the NOx 
absorber, a means to detect, the running conditions of the engine, and a means to determine the NOx 
concentration based on the running condition thus detected using the predetermined relationship 
between them. 

[Claim 8] A unique exhaust gas purification system for internal combustion engines comprised of a 
NOx absorber, located in the exhaust channel of the internal combustion engine which absorbs NOx 
in the exhaust gas when the air-fuel ratio of the exhaust gas is lean and emits the absorbed NOx 
when the oxygen concentration of the incoming exhaust gas is low; a NOx sensor located 
downstream of the NOx absorber in the exhaust gas channel to detect the concentration of NOx in 
the exhaust gas; a regeneration means to emit the absorbed NOx from the NOx absorber to 
regenerate the absorber by making the air-fuel ratio of the exhaust gas entering the absorber rich or at 
the stoichiometric value at a specified time interval; and a means to correct the regeneration time 
interval based on the NOx concentration detected by said NOx sensor. 
[Detailed Explanation of the Invention] 



[0001] 

[Industrial Field of Application] This invention concerns an exhaust gas purification system, and, 
in particular, a system for providing effective removal of NOx. in the exhaust gas from internal 
combustion engines such as diesel engines and gasoline engines involving lean air-fuel ratio 
combustion. 

[0002] 

[Prior Art] One example of this type of exhaust gas purification system is the invention disclosed 
in Unexamined Patent Shq 62-106826. The system disclosed in this Unexamined Patent concerns the 
exhaust gas purification system of a diesel engine connected to a NOx absorber. In this system, the 
exhaust gas entering the absorber is shut off after the absorber has absorbed NOx in the exhaust gas 
for a certain period of time. The absorbed NOx is then emitted from the absorber by supplying a 
reducing agent to the absorber, and the NOx thus emitted is then purified by a reduction purification 
process. In other words, the system proposed by the Unexamined Patent method mentioned above 
repeats a cycle consisting of absorption, emission, and reduction purification processes alternately in 
a specified time period. 

[0003] The NOx, absorbing capacity deteriorates when the amount of NOx absorbed increases and 
approaches the saturation point, at which maximum , possible absorption is achieved. When the 
saturation point is. reached, it is. no longer possible to absorb further NOx from the entering exhaust 
gas. In the : Unexamined Patent Slip 62-106826 .system mentioned above, regeneration of the NOx 
absorber is initiated after, the absorber has absorbed NOx for a specified period of time and when it is 
determined that the absorbing capacity ,of the NOx absorber has deteriorated and the amount of 
absorbed NOx has reached the maximum. (In this detailed explanation of the invention, the 
aforementioned process of emission of the absorbed NOx from the absorber and the subsequent 
reduction purification process is called the "regeneration steps of the NOx absorber.") 
[0004] 

[Problems the Invention is to Solve] The amount of NOx absorbed by the absorber is not always 
constant, and it varies greatly depending on the running condition of the engine, e.g. engine load, 
engine rpm (flow rate of exhaust gas), concentration of NOx in the exhaust gas, and exhaust gas 



temperature. When the time cycle of regeneration is fixed as in the case of the Unexamined Patent 
mentioned above, there are cases, depending on the operating condition of the engine, when the 
absorber reaches its maximum absorption capacity before the regeneration (process). When this 
happens, there is the problem that the NOx in the exhaust gas is discharged to the downstream side 
of the absorber without being absorbed. 

[0005] In addition, the saturation amount of the NOx absorber changes (degrades) depending on 
the degradation of the NOx absorber used (e.g. due to sulfur coating as described later). Even when 
the degree of degradation is the same, the absorption capacity of the NOx absorber varies depending 
on the temperature of the NOx absorber (exhaust gas temperature). Even when the amount of NOx 
absorbed by the NOx absorber is the same, the NOx absorption capacity varies depending on the 
degree of degradation of the absorber and the temperature of the exhaust gas. When the time interval 
allotted for regeneration is fixed, as in the case of Unexamined Patent Sho 62-106826 mentioned 
above, there is a problem in that the system cannot perform the necessary regeneration corresponding 
to the degradation of the NOx absorbent. 

[0006] In order to address this problem, the time interval between the absorption and regeneration 
cycles of the NOx absorber can be varied depending on engine running condition and degree of 
catalyst degradation (the usage time). For example, the time interval between regeneration cycles 
may be shortened under an engine running condition in which the amount of absorbed NOx in the 
NOx absorber increases, or the time interval between regeneration cycles may be shortened 
depending on the cumulative usage time (degree of degradation) of the NOx absorber. 

[0007] Even when these measures are taken, a problem still exists in that an appropriate 
regeneration operation based on the absorption capacity of the NOx absorber cannot be achieved 
since it is not possible to directly detect the NOx absorbing capacity of the NOx absorber. For 
example, in the system used in Unexamined Patent Sho 62-106826, entry of exhaust gas to the NOx 
absorber is shut down at the time of regeneration in order to supply a reducing agent. This procedure 
still has the problem of insufficient regeneration of the NOx absorber when the operation of shutting 
out exhaust gas from the absorber is incomplete due to entrapment of foreign objects preventing 
operation of the shut-off valve. When this occurs, the regenerated NOx absorber absorbs the NOx in 
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the exhaust gas (that which was leaked through the shut-off valve) before it starts the next NOx 
absorption process. When the next NOx absorption process starts, there is some residual NOx in the 
absorber. In this case, the NOx absorption capacity of the absorber has already deteriorated when the 
absorption cycle starts. Under this condition, it is impossible to achieve sufficient exhaust gas 
purification simply by varying the regeneration time or the regeneration interval depending on engine 
running condition and degradation of the absorber. 

[0008] Considering the problems mentioned above, this invention intends to offer an exhaust gas 
purification system for internal combustion engines that permits an increase in exhaust gas 
purification capability by providing a regeneration process that can accurately respond to the NOx 
absorption capacity of the NOx absorber. 

[0009] 

[Means of Solving the Problems] According to the exhaust gas purification system for internal 
combustion engines mentioned in Claim 1, this invention is comprised of a NOx absorber located in 
the exhaust gas channel of the internal combustion engine which absorbs NOx when the air-fuel ratio 
of the incoming exhaust gas is lean and emits the absorbed NOx when the oxygen concentration of 
the incoming exhaust gas is low; a NOx sensor located downstream of the NOx absorber in the 
exhaust gas channel to detect the concentration of NOx in the exhaust gas; a means to determine 
.whether or not the NOx absorption capacity of the NOx absorber has deteriorated based on the NOx 
concentration downstream of the NOx absorber that is detected by the NOx sensor; and a NOx 
regeneration means to emit the absorbed NOx from the NOx absorber by making the air-fuel ratio of 
the exhaust gas entering the NOx absorber rich or at the stoichiometric air-fuel ratio when the NOx 
absorption capacity is determined to have deteriorated according to the determination means 
mentioned above. 

[0010] In addition, according to Claim 2, this invention provides an exhaust gas purification 
system for internal combustion engines equipped with the determination means mentioned in Claim 
1 that tests whether or not the NOx absorbing capacity has deteriorated when the NOx concentration 
downstream of the NOx absorber detected by the NOx sensor is higher than a specified value, and 
when the rate of increase in the NOx concentration changes to a negative value. 
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[0011] In addition, according to Claim 3 of this invention mentioned above, the exhaust gas 
purification system for internal combustion engines devised is comprised of a NOx absorber located 
in the exhaust gas channel of the internal combustion engine that absorbs NOx in the entering 
exhaust gas when the air-fuel ratio is lean and emits the absorbed NOx when the oxygen 
concentration in the entering exhaust gas is low; a NOx concentration detection means located 
upstream of the NOx absorber; a NOx concentration detection means located downstream of the 
NOx absorber to detect the concentration of NOx in the exhaust gas; a determination means to test 
whether or not the NOx absorption capacity of the NOx absorber has deteriorated based on the NOx 
concentration upstream of the NOx absorber as detected by the upstream NOx sensor and on the 
NOx concentration in the exhaust gas downstream of the NOx absorber as detected by the 
downstream NOx sensor; and a regeneration means to emit the absorbed NOx from the NOx 
absorber by making the air-fuel ratio of the exhaust gas entering the NOx absorber rich or at the 
stoichiometric air-fuel ratio when the aforementioned determination means has determined that the 
NOx absorption capacity has decreased. 

[0012] According to Claim 4, this invention offers an exhaust gas purification system for internal 
combustion engines which has the determination means mentioned in Claim 3 that determines that 
the absorption capacity of the NOx absorber has deteriorated when the difference between the NOx 
concentrations upstream and downstream of the NOx absorber becomes lower than a specified value. 
Moreover, in Claim 5 of this invention, the determination means determines that the absorption 
capacity of the NOx absorber has deteriorated when the ratio of NOx concentrations upstream and 
downstream of the NOx absorber becomes larger than a specified value. 

[0013] According to this invention as described in Claim 6, this invention provides an exhaust gas 
purification system for internal combustion engines in reference to one of Claims 3 through 5; The 
exhaust gas purification system is equipped with a NOx concentration detection means located 
upstream of the NOx purification system, which is a NOx sensor arranged in the exhaust gas channel 
upstream of the NOx absorber. Moreover, according to Claim 7 of this invention, in the invention 
described in one of Claims 3 through 5, the upstream NOx detection means is comprised of a means 
to determine the engine running condition, and a means to calculate the upstream NOx concentration 
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mentioned above using the detected engine running condition from a predetermined relationship 

between engine running condition and NOx concentration. 
[0014] According to the invention described in Claim 8. the exhaust gas purification system of this 

invention is comprised of a NOx absorber that absorbs NOx in the exhaust gas when the air-fuel 
ratio is lean and emits the absorbed NOx from the absorber when the oxygen concentration in the 
exhaust gas is low; a NOx sensor located in the exhaust gas channel downstream of the NOx 
absorber that detects the concentration of NOx in the exhaust gas: a regeneration means which makes 
the air-fuel ratio of the exhaust gas rich or at the stoichiometric air-fuel ratio at specified time 
intervals to emit the absorbed NOx from the NOx absorber: and a correction means that corrects the 
execution time intervals for NOx regeneration cycles of the absorber based on the NOx concentration 
detected by the NOx sensor. 

[0015] 

[Operation of the Invention] The operation of this invention is given below using Fig. 1. Fig. 1(A) 
depicts a sample relationship between the NOx absorption time of the NOx absorber and the NOx 
concentration in the exhaust gas on the downstream side of the NOx absorber. In Fig 1(A), the 
vertical axis represents the NOx concentration, while the horizontal axis represents the NOx 
absorption time of the NOx absorber. In Fig. 1(A), IN is the upstream NOx concentration in the 
exhaust gas entering the absorber, while OUT is the downstream NOx concentration in the exhaust 
gas downstream of the absorber. As indicated in Fig. 1(A), when the NOx absorber begins NOx 
absorption, almost all of the NOx in the entering exhaust gas is absorbed by the absorbent when the 
absorbed amount of NOx is small. This results in an extremely low NOx concentration in the exhaust 
gas downstream of the absorber (OUT) as compared to the upstream NOx concentration (IN). This 
low level is maintained as long as the amount of absorbed NOx is small. When the absorption time 
of the absorber increases, the absorption capacity of the absorbent declines due to the increase in the 
amount of absorbed NOx, resulting in an increase in the downstream concentration of NOx. When 
the NOx absorbed by the absorbent reaches the saturation point. NOx in the exhaust gas entering the 
absorber is no longer absorbed, resulting in a condition where the NOx concentration in the 
downstream exhaust gas (OUT) becomes almost equal to that in the upstream (IN). In order to 
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prevent this from taking place, in the Unexamined Patent Sho 62-106826 system mentioned above, 
the NOx absorption time of the NOx absorber (the regeneration execution interval) is set at a 
specified length, as expressed by TI in the figure, in order to begin regeneration before the NOx 
concentration in the exhaust gas begins to increase. 

[0016] Fig. 1(B) is similar to Fig. 1(A) except that it shows a case in which the saturation amount 
of NOx has declined for some reason. Since the saturation amount of NOx has decreased in Fig. 
1(B), the NOx absorption capacity declines even when the amount of absorbed NOx is small. 
Compared with the case represented by Fig. 1(A), the NOx concentration on the downstream side of 
the absorber (OUT) increases in a shorter time after the absorption cycle starts. If the regeneration 
cycle interval is fixed at the same Tl as in the case of Fig. 1(A), the NOx concentration on the 
downstream side of the NOx absorber rapidly increases before regeneration starts, resulting in 
deteriorated exhaust gas characteristics. 

[0017] In the invention mentioned in Claim 1 of this invention, the NOx concentration downstream 
of the NOx absorber is detected by the NOx sensor installed downstream of the NOx absorber. The 
determination as to whether or not the absorption capacity of the NOx absorber has deteriorated is 
made by the downstream NOx concentration thus detected.. The regeneration means is activated, 
when the determination means mentioned above has determined that the NOx absorption capacity 
has diminished, by controlling the air-fuel ratio of the exhaust gas entering the NOx absorber on the 
rich side or at the stoichiometric air- fuel ratio. With this method, the regeneration of NOx starts 
before the absorbed amount of NOx in the absorber reaches the saturation point regardless of the 
changes in the saturation amount of the NOx absorber. Since the absorption capacity of the NOx 
absorber is restored, there is no possibility of deteriorating exhaust gas quality due to the change in 
the condition of the NOx absorber. 

[0018] In addition, the determination as to whether or not the NOx absorption capacity has 
declined is made, for instance, by the method described in Claim 2. In other words, as shown in Figs. 
1(A) and (B), the downstream concentration of NOx in the exhaust gas increases gradually as soon 
as the absorption cycle starts, and its speed of increase accelerates, followed by a gradual decline in 
the absorption speed as it approaches the upstream NOx concentration. (IN in Figs. 1(A) and (B)). 
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The increasing rate of NOx concentration in the exhaust gas downstream of the NOx absorber (the 
slope of the curve indicated by OUT in Figs. 1(A) and (B)) gradually increases after the absorption 
cycle starts, and begins to decrease after a certain time. In other words, there is an inflection point in 
the acceleration in the increase of the downstream side NOx concentration at which the increasing 
rate is changed from positive to negative (point A in Fig. 1(A) and point A' in Fig. 1(B)). Moreover, 
this inflection point always appears before the absorbed amount of NOx reaches saturation, 
regardless of the change in the amount of NOx absorbed by the absorber (Figs. 1(A) and (B)). In the 
invention described in Claim 2, the determination as to whether or not the absorption capacity of the 
NOx absorber has declined is made when the downstream NOx concentration reaches the inflection 
point mentioned above. Since regeneration of the NOx absorber starts by the detection of this 
inflection point regardless of the amount of NOx absorbed by the absorber, it is possible to restore 
the absorption capacity of the NOx absorber before the amount of the absorbed NOx reaches the 
saturation point. 

[0019] On the other hand, the NOx concentration downstream of the NOx absorber, even when the 
absorption capacity of the absorber is constant, vanes depending on the change in NOx concentration 
in the exhaust gas entering the NOx absorber (the NOx concentration in the exhaust gas upstream of 
the NOx absorber). This is the reason determination of absorber deterioration made only by the 
downstream NOx concentration may lead to a situation in which degradation of the NOx absorption 
capacity of the absorber resulting from a large-scale change in NOx concentration upstream of the 
absorber cannot be detected accurately. 

[0020] In Claim 3 of this invention, the concentration of NOx in the exhaust gas entering the NOx 
absorber is detected by the upstream side NOx detecting means, and determination of the absorbing 
capacity of NOx by the NOx absorber is made based both on the upstream as well as the downstream . 
concentrations of NOx. This results in a more accurate determination as to whether the absorption 
capacity of the NOx absorber has deteriorated or not. In other words, this invention permits 
representation of how much NOx can be absorbed from the NOx in the entering exhaust gas in 
determining the absorption capacity of the NOx absorber. Hence, more accurate determination of the 
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absorption capacity of the NOx absorber can be made by using the upstream and downstream NOx 
concentrations. 

[0021] For example, the difference between the upstream and downstream concentrations 
represents the amount of NOx absorbed by the absorber, and it decreases with deterioration of the 
NOx absorption capacity of the absorber. This is why, in Claim 4 of this invention, the absorption 
capacity of the NOx absorber is determined to have deteriorated when the difference between the 
upstream and downstream NOx concentrations of the NOx absorber becomes lower than a specified 
value. 

[0022] The ratio between the downstream and upstream NOx concentrations also represents the 
fraction of NOx entering the absorber which passes through the absorber without being absorbed. 
With the deterioration of NOx absorption capacity, this ratio will increase. This is why, in Claim 5 of 
this invention, the absorption capacity of the NOx absorber is determined to have deteriorated when 
the ratio between the upstream and downstream NOx concentrations of the NOx absorber becomes 
higher than a specified value. 

[0023] In Claim 6 of this invention, a NOx sensor is installed in the upstream channel of the NOx 
absorber, as the means to detect the upstream concentration of NOx in order to make direct 
measurement of the upstream NOx concentration. Since the NOx concentration on the upstream side 
of the NOx absorber is the concentration of NOx released from the engine, it varies depending on 
engine running conditions such as engine rpm and engine load. This is why, in Claim 7 of i this 
invention, the NOx concentrations in the exhaust gas under various operating conditions have been 
previously determined by actual measurements or other means. With this design, the upstream NOx 
concentration detection means determines the upstream NOx concentration indirectly based on the 
running condition of the engine, 

[0024] Although in several claims of this invention mentioned above, NOx regeneration starts 
when it is determined that the absorption capacity of the NOx absorber has deteriorated, there are 
many cases in which the decrease in saturation amount of the NOx absorber resulting from its 
degradation advances slowly with use. This is why, in Claim 8 of this invention, the regeneration 
cycle for the NOx absorber starts at specified time intervals, and these intervals are corrected by a 
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correction means based on the downstream NOx concentration. With this method, the time interval 
for regeneration of the NOx absorber can be adjusted to reflect the decrease in the saturation amount 
of the NOx absorber. Deterioration of exhaust gas characteristics resulting from saturation of the 
NOx absorber can be prevented by this method in the same way as in the other methods given above. 
[0025] 

[Working Examples] Working examples of this invention are given below using attached 
drawings. Figs. 2 and 3 are overall diagrams of internal combustion engines indicating the exhaust 
gas purification systems that represent the working examples of this invention. While Fig. 2 
represents a case in which the exhaust gas is purified by installing a NOx absorber in the engine 
exhaust gas channel, Fig. 3 represents a case in which this invention is applied to a system for two 
NOx absorbers installed in parallel in the exhaust gas channel so that they can be regenerated 
alternately. In Figs. 2 and 3, all elements having the same functions are represented by the same 
symbols. 

[0026] Given below are explanations of these working examples. In Fig. 2. 1 represents an internal 
combustion engine capable of performing lean air-fuel ratio combustion, such as a gasoline engine, 3 
is a combustion chamber, 6 is an intake port, and 8 is an exhaust port of engine 1. Intake ports 6 for 
all cylinders are connected to a surge tank, 10, through intake pipes. 9. while fuel injection valves, 
1 1. which inject the fuel into intake ports 6, are located in intake pipes 9. 

[0027] Surge tank 10 is connected to an air cleaner, 13, through an intake channel, 12. Located in 
intake channel 12 is a throttle valve, 14, which opens based on the operation of the accelerator pedal 
(not shown) by the driver. Installed in surge tank 10 is an intake pressure sensor, 15. that generates 
an output voltage proportional to the absolute pressure in surge tank 10. 

[0028] On the other hand, connected to an exhaust channel. 1 7. through an exhaust manifold, 16, is 
exhaust port 8 of engine 1, while a casing, 19. containing a NOx absorber. IS. the details of which 
are explained later, is connected to exhaust channel 1 7. The item shown by 20 in Fig. 2 is a NOx 
sensor that detects the concentration of NOx in the exhaust gas. which is installed in the exhaust 
channel downstream of NOx absorber 18. 
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[0029] Although there are several different types of NOx sensors that detect NOx concentration.in 
exhaust gas, this invention deals with a NOx sensor capable of generating electric signals 
corresponding to the concentration of NOx in the exhaust gas in real time. A typical example of this 
type of sensor is one that is based on an N-type oxide semiconductor ceramic consisting mainly of 
titanium oxide. This semiconductor sensor is an electron capture type device that detects the 
concentration of NOx in the exhaust gas by the change in its resistance when NOx (NO or N0 2 ) in 
the exhaust gas is adsorbed on the sensor surface. This is a type of sensor in which the change in 
electrical resistance represents the NOx concentration in the exhaust gas. The electronic control 
circuit, 30 (Fig. 2), which is the electronic control unit for engine 1, consists of a well-known digital 
computer connecting a ROM (read only memory), 32, a RAM (random access memory), 33, a CPU 
(microprocessor), 34, input ports, 35, and output ports, 36, all of which are connected by a bi- 
directional bus, 31. This electronic control unit not only handles the basic controls of the internal 
combustion engine such as fuel injection and ignition timing, but in this invention it also plays a role 
in the determination of absorption capacity degradation of NOx absorber 18, the regeneration means 
to regenerate the NOx absorber, and a correction means to correct the execution time interval of the 
regeneration cycle of the NOx absorber. .;a.-, ,-ui-: ^v:- 

[0030] In order to meet the objectives mentioned above, the input ports 35 in control circuit 30 
receive, through A/D converter, 37, . electric voltage signals from, intake pressure sensor 15 
corresponding to intake pressure, and electric voltage signals.fromNOx sensor 20 corresponding to 
the NOx concentration downstream of NOx absorber 18. In addition, the pulse signals from an 
engine rpm sensor, 21, located in the engine distributor (not shown), representing the engine 
rotational speed is also input to control circuit 30. 

[0031] Moreover, output ports 36 in control circuit 30 are connected to fuel injection valves 1 1 and 
ignition plugs 4 through corresponding drive circuits 38 in order to control fuel injection from the 
fuel injection valve and the ignition timing. Next, using Fig. 3, the configuration of the working 
example is explained. In Fig. 3, 1 represents an internal combustion engine such as a diesel engine 
that is designed to run in a lean air-fuel ratio condition. Contrary to the example shown in Fig. 2, in 
this example, there are two divided channels, 17a and 17b, installed in exhaust gas channel 17 of 
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internal combustion engine 1. Installed in channels 17a and 17b separately are NOx absorbers, 1,8a 
and 18b, similar to that used in the working example shown in Fig. 2, which are contained in casings, 
19a and 19b, respectively. 

[0032] Installed at the branching section of branch channels 1 7a and 1 7b along exhaust gas channel 
17 is an exhaust gas changeover valve, 22, which separates the exhaust gas to either one of exhaust 
gas channels 17a or 17b by closing one of them for a specified time to a set opening. For example, 
when exhaust gas changeover valve 22 is switched to the position as indicated by the broken line in 
Fig. 3, most exhaust gas enters branch channel 17b reducing . the amount of exhaust gas flowing into 
branch channel 17a. Depicted by 22a in this figure is an appropriate type of actuator such as a 
negative pressure actuator that drives changeover valve 22 to a specified changeover position by 
using the control signal from engine control circuit 30 which is described later. 

[0033] Also connected to the upstream side of NOx absorbers ISa and 18b in branch channels 17a 
and 1 7b, respectively, are reducing agent supply nozzles, 42a and 42b. respectively. These reducing 
agent supply nozzles 42a and 42b supply the reducing agent to NOx absorber 18a or 18b in the 
channel, for which the exhaust gas flow has been reduced in response to the signal from control 
circuit 30, to regenerate the NOx absorber. ;.>,.inx •„ .;.■■:.?=. -.i :.-\. i- : w. 

[0034] In this working example, branch channels 17a and 1 7b merge together downstream of NOx 
absorbers 18a and 18b. Installed downstream of the point where the two. branch channels merge is a 
NOx sensor, 20, to detect the concentration of NOx in the exhaust gas.in the same manner as in Fig. 
2. Depicted by symbol 30 in this figure is a control circuit having the same configuration as that 
shown in Fig. 2. In addition to the basic controls for an internal combustion engine such as fuel 
injection, control circuit 30 in this working example is also responsible for determination of the 
degradation of NOx absorbers 18a and 18b. control of the changeover positions for changeover valve 
22, control of reducing agent supply to NOx absorbers 18a and 18b from a reducing agent supply 
system. 41, and control of a correction means to control the changeover period of exhaust gas 
changeover valve 22 in response to the output of NOx sensor 20. 

[0035] In order to achieve this control, input to the input ports of control circuit 30 are the engine 
control signals for engine rpm and accelerator openings from an rpm sensor, 21, and an accelerator 

• 
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opening sensor, 55, respectively. In addition to these, the NOx concentration signal from NOx sensor 
20 is also input to the control circuit. In this working example, the output ports of control circuit 30 
are connected to the fuel supply system, including fuel injection valves and fuel injection pumps, not 
shown, through the drive circuits to control the amount of fuel injected to the cylinders. In addition, 
the output ports are connected to an actuator, 22a, of exhaust gas changeover valve 22, control valves 
44a and 44b of reducing agent supply system 41 through a drive circuit, 38, and a negative pressure 
control valve, not shown, to control the operations of these devices. 

[0036] Reducing agent supply system 41 consists of a reducing agent supply source, 43, including 
a reducing agent container, and a pressurization pump, control valves 44a and 44b that adjust the 
flow rate of the reducing agent supplied to reducing agent supply nozzles, 42a and 42b from reducing 
agent supply source 43, and check valves 45a and 45b, which are installed between nozzles 42a/42b 
and control valves 14a/14b (sic). Control valves 44a and 44b assume the specified openings based on 
the control signal from control circuit 30 at the time of regenerating NOx absorbers 18a and 18b, 
which are described later, to supply the reducing agent in the amount corresponding to the specified 
valve opening mentioned above to NOx absorbers 18a and 18b. 

[0037] The reducing agent used for the NOx release and reduction cycle of NOx absorbers 18a and 
18b (regeneration cycle) should be those that can generate gases containing hydrocarbons and carbon 
monoxide in the exhaust gas. Commonly used agents are gases such as hydrogen and carbon 
monoxide, liquids such as propane, propylene, and butane, or gasified liquid fuels such as 
hydrocarbons, gasoline, light oil, and kerosene. In the working example of this invention, when the 
internal combustion engine used is a diesel engine, the engine fuel, or the light oil, is used as the 
reducing agent so that the engine fuel tank and the fuel pump can be used as reducing agent supply 
source 43. 

[0038] Given next are explanations of NOx absorber 18 (18a and 18b) shown in Figs. 2 and 3. 
NOx absorber 18 (18a and 18b) contained in casing 19 (19a and 19b) in Figs. 2 and 3 can be, for 
example, a structure consisting of a carrier such as alumina and others, which supports at least one of 
the alkali metals such as potassium, K, sodium, Na, lithium, Li, and cesium. Cs; alkaline earth metals 
such as Barium, Ba, and calcium, Ca; or rare earth metals such as lanthanum. La, and yttrium, Y; 
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together with one noble metal such as platinum, Pt. NOx absorber 18 goes through an 
absorption/emission cycle that absorbs NOx when the air-fuel ratio of the exhaust gas is lean, and 
releases the absorbed NOx when the oxygen concentration is decreased. 

[0039] The air-fuel ratio mentioned above is defined here as the ratio between the total air flow 
supplied to the upstream exhaust gas channel of the NOx absorber, the engine combustion chamber, 
and the intake passage, with respect to the sum of the fuel and the reducing agent flows. This implies 
that when the fuel, the reducing agent, or the air is not supplied to the exhaust channel upstream of 
the NOx absorber, the air-fuel ratio of the exhaust air becomes equal to that of the engine air-fuel 
ratio (the air-fuel ratio in the combustion chamber of the engine). 

[0040] Since, in this working example, the engine used is designed to undergo a lean air-fuel ratio 
combustion, its normal air-fuel ratio is lean, and the NOx absorber absorbs NOx in the exhaust gas. 
The NOx absorber emits the absorbed NOx when the engine air-fuel ratio is switched from lean to 
rich or to the stoichiometric air-fuel ratio (in the case of Fig. 2), or when the reducing agent is 
supplied to the exhaust gas channel upstream of the absorber (in the case of Fig. 3) to cause the 
oxygen concentration in the exhaust gas to become lower. 

[0041]: Although there.are still areas that have not been understood well regarding the detailed 
mechanisms of the absorption and emission processes of NOx, it is assumed that the absorption and 
emission processes are being conducted by the mechanism depicted in Fig. 4. Next, this mechanism 
is explained using an example in which Pt and Ba are supported over a earner. Even if another noble 
metal; alkali metal, alkali earth metal, or rare earth metal is used, the mechanisms for absorption and 
emission processes should be the same. 

[0042] In other words, when the exhaust gas entering the NOx absorber is lean, the oxygen 
concentration in the exhaust gas increases greatly, and as shown in Fig. 4(A). 0 2 in the exhaust gas 
will adhere to the surface of Pt in the form of 0 2 - or 02-. On the other hand. NOx from the engJis 
emitted in the exhaust gas in the form of NO, which reacts with these 0 2 " or 02- over the Pt surface 
and becomes N0 2 . (2NO + 0 2 -> 2N0 2 ). Part of the N0 2 thus produced will be oxidized over the Pt 
while being absorbed into the absorber to be bonded with the barium oxide, BaO. and diffuse in the ' 
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absorber in the form of nitric acid ions, N0 3 " as depicted in Fig. 4(A). With this mechanism, NOx. is 
absorbed within the NOx absorber. 

[0043] As long as the oxygen concentration of the entering exhaust gas is high. NO2 is formed over 
the surface of platinum Pt, and as long as the absorption capacity of the absorber is not saturated, 
N0 2 will be absorbed into the absorber to produce N0 3 ". In contrast, if the air-fuel ratio of the 
entering exhaust gas is rich or at the stoichiometric fuel ratio, the oxygen concentration in the 
exhaust gas decreases resulting in a decline in N0 2 production. Under this condition, the direction of 
the reaction is reversed (N0 3 -~>N0 2 ), and the N0 3 " in the absorber will be emitted in the form of 
NO2 from the absorber. 

[0044] On the other hand, if there are unburnt components of HC and CO remaining in the entering 
exhaust gas, these components will react with 0 2 - or 02- to become oxidized by consuming the 
oxygen over the Pt surface. Moreover, the N0 2 emitted from the NOx absorber, as shown in Fig. 
4(B), will react with HC and CO to be reduced. When the N0 2 over the Pt surface disappears, more 
and more N0 2 will be emitted from the absorber. 

[0045] In other words, HC and CO in the entering exhaust gas will react immediately with 0 2 - or 
02- over the Pt surface to be oxidized. Even when this is followed by the consumption of 0 2 " or 02- 
over the Pt surface, as long as there is residual HC and CO, the NOx emitted from the absorber and 
the NOx entering with the exhaust gas will be reduced chemically. In the working example shown in 
Fig. 2, control circuit 30 normally controls the amount of fuel injection to maintain the lean air-fuel 
ratio operations of the engine. When the lean air-fuel ratio operations continue for a certain period of 
time, the amount of NOx absorbed by NOx absorber 18 increases. When the amount of fuel injection 
increases, the engine operations will be switched to the air-fuel ratio rich condition or to the 
stoichiometric air-fuel ratio condition. The oxygen concentration in the exhaust gas is then decreased 
greatly while the concentrations of unburnt HC and CO in the exhaust gas increase. When this 
happens, NOx that has been absorbed by NOx absorber 18 will be released from the absorber, and 
the released NOx will be chemically reduced and purified by the unburnt HC and CO that are 
exhausted from the engine. 
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[0046] In the working example depicted in Fig. 3, control circuit 30 alternately performs the NOx 
absorption and emission operations by operating changeover valve 22. In other words, in the working 
example depicted in Fig. 3, with the operations of changeover valve 22, a large quantity of exhaust 
gas is supplied to one side of the NOx absorber (e.g. 18a) to let it absorb the NOx. When the 
absorbed quantity of NOx in NOx absorber 18a increases after a specified time of NOx absorption, 
changeover valve 22 is actuated in such a manner to switch the flow of the exhaust gas to the other 
NOx absorber 18b so that NOx absorber 18a can be regenerated. In other words, at the same time 
that the exhaust gas entering NOx regenerator 18a is decreased, a specified amount of the reducing 
agent is supplied to absorber 18a through reducing agent supply nozzle 42a. With the supply of the 
reducing agent, the air-fuel ratio of the exhaust gas entering NOx absorber 18a will become rich or at 
the stoichiometric air-fuel ratio. Over the surface of NOx absorber 18a, oxygen in the exhaust gas 
will be consumed by the oxidation of the reducing agent thus decreasing the oxygen concentration, 
which results in emission of the absorbed NOx in the NOx absorber, and the emitted NOx will be 
reduction purified by the reducing agent in the exhaust gas. Moreover, when the changeover period 
has passed a specified time limit, and the amount of absorbed NOx in NOx absorber 18b is 
increased, changeover valve 22 will be switched again to divert a large quantity of the exhaust gas to 
NOx absorber 18a to resume the NOx absorption by NOx absorber 18a while absorber 18b is being 
regenerated. 

[0047] As mentioned above, in the working examples depicted in Figs. 2 and 3. the absorption of 
NOx in the exhaust gas by the NOx absorber and regeneration of the absorbed NOx are repeated 
alternately to achieve purification of the exhaust gas. When the maximum absorbable NOx in the 
NOx absorber is decreased due to degradation of the NOx absorber, the time required for the 
absorption capacity of the regenerated NOx absorber to diminish is gradually shortened, causing the 
problems mentioned above. 

[0048] In addition to thermal degradation of the NOx absorber BaO, the decrease in the saturation 
amount of the NOx absorber can be caused by sulfur po.soning. For example, a minute quantity of 
sulfur compounds (SOx) is contained in engine exhaust gas due to sulfur in the fuel and lubrication 
oil. The SOx in the exhaust gas is absorbed by the NOx absorber by the same mechanism as the NOx 



is absorbed. There are cases in which the absorbed SOx causes sulfur poisoning of the NOx 
absorber. In other words, when the air-fuel ratio of the exhaust gas is lean, the SOx in the exhaust 
gas (e.g. S0 2 ) will be oxidized by Pt to form S0 3 " and S0 4 ", which are combined with BaO to form 
BaSC>4. Since BaSC>4 is relatively stable and its coarse crystals tend to grow large, it is extremely 
difficult to decompose and emit once formed. This results in the tendency in which the absorbed 
SOx cannot be removed by the normal regeneration process for the NOx absorber, and SOx will be 
stored in the NOx absorber. When the production rate of BaS0 4 increases in the NOx absorber, the 
amount of BaO contributing to the absorption of NOx decreases, causing the maximum absorbable 
quantity (saturation quantity) of NOx to diminish. This phenomenon is called sulfur poisoning (or 
SOx poisoning). There is also a case when the saturation quantity of NOx decreases in a similar 
manner as with sulfur poisoning. This takes place when the NOx absorber is used for a long time and 
the BaO itself is degraded due to high temperatures. 

[0049] Moreover, the decrease in the saturation quantity of NOx in the NOx absorber also occurs 
in the working example shown in Fig. 3 when carbon particles in the exhaust gas deposit in exhaust 
gas changeover valve 22 causing the valve to not close completely. In other words, changeover valve 
22 cannot close to the specified opening and the amount of exhaust gas entering the NOx < in the 
regeneration cycle increases. When this occurs, the reducing agent supplied to the NOx absorber will 
be diluted by the engine exhaust gas, preventing sufficient emission of the absorbed NOx, and the 
residual NOx in the NOx absorber after completion of the regeneration cycle increases. 

[0050] In addition, the amount of NOx absorbed by the NOx absorber per unit time is not always 
constant; it varies depending on engine running conditions such as engine load, engine rpm (exhaust 
gas flow), NOx concentration in the exhaust gas. and exhaust gas temperature. Since the absorption 
capacity of the NOx absorber varies not only by the degradation level of the absorber but also by the 
engine running conditions, there is a problem in that setting the regeneration period at a specified 
value alone, as indicated by the aforementioned Unexamined Patent Sho 62-106826. will not be able 
to provide the appropriate regeneration in response to degradation of the absorber. 

[0051] In the working examples of this invention, the change in the absorption capacity of NOx 
absorber 18 (18a and 18b) is monitored by detecting the NOx concentration in the exhaust gas 
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downstream of the NOx absorber with NOx sensor 20, and the regeneration cycle is started when the 
absorption capacity has decreased. With this procedure, an appropriate length of the regeneration 
cycle can be established to prevent the problems mentioned above from occurring. 

[0052] Given below is an explanation regarding the procedure for setting the regeneration timing 
for the NOx absorber in the working examples mentioned above. Incidentally, the operations to set 
the regeneration timing given below are applicable to both the working examples shown in Figs. 2 
and 3. Depicted in Fig. 5 is a sample flow chart for the routine to set up the timing for regeneration 
of the NOx absorber which takes place at a specified time cycle by control circuit 30. As mentioned 
earlier, when the absorption capacity of the NOx absorber decreases, the NOx concentration^, the, 
downstream exhaust gas after completion of regeneration increases. Moreover, as indicated in Fig. 1, 
when the saturation quantity of NOx declines due to degradation of the NOx absorber, deterioration 
in the absorption capacity of the absorber will take place within a short time after the regeneration. In 
the working example depicted in Fig. 5, the curve indicating the increase in NOx concentration in the 
exhaust gas downstream of the absorber is monitored to detect an inflection point (points A and A ' 
in Figs. 1(A) and 1(B) respectively). When the inflection point is detected, it is determined that the. 
absorption capacity of the NOx absorber has deteriorated and its regeneration cycle starts. With these 
procedures, regardless of degradation of the NOx absorber or changes in engine running conditions, 
the regeneration can start before the NOx quantity in the NOx absorber becomes saturated. 
, [0053] When the routine indicated in Fig. 5 starts, the NOx concentration downstream of NOx 
absorber 18 (18a or 18b), NR. is read by downstream NOx sensor 20 in step 501. In step 503, the 
concentration increase rate, DNR, is calculated by DNR = NR - NRi - 1, in which NRi-1 is the NOx 
concentration when the previous routine was executed. 

[0054] In step 505, using concentration increase rates DNR and DNRi-1 calculated in the previous 
routine, the change in the concentration increase rate, D2NR. is calculated as D2NR = DNR - DNRi 
- 1. In step 507, the value of NRi-1 and DNRi-1 are renewed for execution of the next routine. Next, 
in steps 511 and 513, using downstream NOx concentration. NR, which has been read, and the 
change rate of concentration increase rate D2NR, it can be determined whether or not the absorption 
capacity of NOx absorber 18 (18a or 18b) has diminished. In other words, if the downstream NOx 



concentration NR is greater than a specified value, Nl (step 511), and if the change rate of the 
concentration increase rate of NOx, or D2NR, is zero or negative (step 513), the absorption capacity 
of NOx absorber 18 (18a and 18b) has diminished, so it has to be regenerated. Upon this 
determination, the routine advances to step 515, and sets the regeneration flag, FR (=1) before the 
routine is completed. When any condition of steps 511 or 513 is not satisfied, the value of 
regeneration flag FR will not be changed, and the routine will be completed as it is. 

[0055] When regeneration flag FR is reset (= 1) in step 513, the NOx regeneration operation is 
executed by a separate control circuit 30 either to change the engine air-fuel ratio to the rich side (as 
in the case of Fig. 2) by increasing the amount of engine fuel injection as mentioned before by a 
routine not mentioned here, or to switch changeover valve 22 and supply the reducing agent (as in 
the case of Fig. 3) from reducing agent supply system, 41. When the specified time regeneration 
cycle is executed and completed, the amount of fuel injection is reverted to the normal lean air-fuel 
ratio condition (as in the case of Fig. 2), or supply of the reducing agent is stopped (as in the case of 
Fig. 3), and regeneration flag FR is reset (= 0). Moreover, in these working examples, the condition 
for starting the regeneration cycle is initiated not only when the increase curve of the downstream 
NOx concentration has reached the inflection point (step 513), but also when the downstream NOx 
concentration becomes lower than a specified value (step 511). The reason for.this is to prevent the 
following event from happening. Depending on the engine running condition, when the NOx 
concentration of the exhaust gas entering the NOx absorber rapidly declines, the upstream NOx 
concentration will be decreased responding to this change. If this happens, an inflection point in the 
concentration increase curve for the downstream NOx concentration may be produced even when the 
absorption capacity of the NOx absorber has not diminished. 

[0056] As described above, in this invention, the NOx concentration downstream of the NOx 
absorber is detected to monitor the change in the NOx concentration in order to start the regeneration 
cycle with ample spare time even when the NOx absorber is deteriorated (change in saturation 
quantity) or when the engine running condition changes. With these provisions, it is possible to 
effectively prevent deterioration of the exhaust gas quality resulting from a decline in the absorption 
capacity of the NOx absorber. 
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[0057] In the working example described above, whether or not the NOx absorption capacity of the 
NOx absorber has deteriorated is determined based only on the change in the NOx concentration 
downstream of the NOx absorber. The NOx concentration downstream of the NOx absorber 
fluctuates, even when the deterioration condition of the NOx absorber is the same, responding to the 
changes in the NOx concentration in the exhaust gas entering the NOx absorber, if such a change 
takes place. In other words, if the NOx concentration in the engine exhaust gas entering the NOx 
absorber increases or decreases, the downstream NOx concentration also increases and decreases 
accordingly. If the absorption capacity of the NOx absorber is determined solely based oh the 
downstream NOx concentration, there may be a case when accurate determination of the NOx 
absorption capacity of the NOx absorber cannot be made. " 

[0058] In the working examples explained in Figs. 6 and 7, as indicated by dotted lines in Figs. 2 
and 3, a NOx sensor, 25, similar to downstream sensor 20, is provided in the exhaust channel 
upstream of NOx absorber 18 (18a and 18b) so that the NOx concentration upstream of the NOx 
absorber is detected in addition to the downstream NOx concentration. The decline in NOx 
absorption capacity in the NOx absorber is determined by considering the interrelationships between 
these NOx concentrations. . ; . ; : . . 

[0059] In the routine depicted in Fig. 6, the determination for NOx absorber 18 (18a and 18b) 
deterioration is made based on the difference between the upstream and downstream concentrations 
of NOx across the NOx absorber, which represents the amount of NOx that is actually absorbed by 
the NOx absorber. The monitoring of the concentration difference in the exhaust gas between up- 
and downstream of the NOx absorber permits detection of deterioration in NOx absorption capacity 
irrespective of the fluctuation in the upstream NOx concentration. 

[0060] In Fig. 6, as soon as the routine starts, the NOx concentration in the exhaust gas 
downstream of the NOx absorber, NRD, is read by downstream NOx sensor 20 in step 601. In step 
603. the NOx concentration in the exhaust gas upstream of the NOx absorber, NRU, is read by 
upstream NOx sensor 25. This is followed by step 605, at which the difference between the NRD and 
NRU thus read, or ANR, is determined. 
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[0061] Moreover in step 607, the concentration difference ANR thus determined above is evaluated 
to find out if it is smaller than a specified value ANR1 or not. If ANR <ANR1, or when the 
downstream NOx concentration is approaching the upstream NOx concentration, the absorption 
capacity of the NOx absorber has diminished, and it will be determined that regeneration is needed. 
The routine then advances to step 609 to set regeneration flag FR (= 1) before completing the 
routine. If it is found ANR > ANR1 in step 607, it is determined that the NOx absorber absorbed 
almost all the NOx in the exhaust gas, and it is determined that the absorption capacity of the NOx 
absorber has not deteriorated. This step is then followed by completion of the routine without setting 
regeneration flag FR. 

[0062] Incidentally, the specified value ANR1 mentioned above varies depending on the type and 
size of the NOx absorber. It is preferable that it be determined by experiments and other means. In 
Fig. 6, when regeneration flag FR is set (= 1), regeneration of NOx absorber 18 (18a and 18b) is 
executed by a separate control circuit 30 using a routine not shown here. This process is identical to 
that used in the working example depicted in Fig. 5. 

[0063] In the working example described above, the NOx absorption capacity of the NOx absorber 
is determined by monitoring the difference between the upstream and downstream 5 concentrations of 
NOx, or ANR. It is also possible to determine the absorption capacity of the NOx absorber by using <a 
parameter other than the concentration difference, ANR. For example, it is possible to determine the 
absorption capacity of the NOx absorber by the ratio between the upstream and downstream 
concentrations of NOx such as RNR = NRD/NRU. Since RNR indicates the fraction of NOx in' the 
downstream exhaust gas that has passed through the NOx absorber without being absorbed by the 
NOx absorber, the absorption capacity of the NOx absorber has decreased if the value of RNR 
increases. In this method, instead of detecting the condition at which the concentration difference 
ANR becomes lower than a specified value, deterioration of the absorption capacity of the NOx 
absorber is determined to have taken place when the concentration ratio mentioned above, RNR, 
exceeds a specified value, RNR1 (e.g. RNR1= around 0.8). 

[0064] Figure 7 depicts a flow diagram for a routine to determine deterioration of the NOx 
absorbing capacity by the concentration ratio, RNR. As in the routines shown in Figs. 5 and 6, this 
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routine is executed by control circuit 30 at specified time intervals. When the routine starts in Fig. ,7, 
m steps 701 and 703, the downstream NOx concentration NRD, and upstream NOx concentration 
NRU are read by downstream NOx sensor 20 and upstream NOx sensor 25, respectively. Next in 
step 705, the ratio between the NRD and NRU thus read above, or RNR, is calculated as RNR = 
NRD/NRU. 

[0065] In step 707, it is checked to see if the calculated concentration ratio, RNR, is higher than a 
specified value, RNR1 (e.g. RNR1 = around 0.8). If RNR >RNR1, or when the downstream NOx 
concentration is approaching the upstream NOx concentration, the amount of downstream NOx in 
the exhaust gas that has passed through NOx absorber 18 (18a and 18b) without being absorbed is 
increasing. In other words, it is determined that the absorption capacity of NOx absorber 18 (18a and 
18b) has deteriorated. The routine then advances to step 709 and sets regeneration flag FR (=1) 
before it is completed. If in step 707, RNR < RNR1, it is determined that the NOx absorption 
capacity of the NOx absorber has not deteriorated. In this case the routine will be completed without 
setting regeneration flag FR. 

[0066] When regeneration flag FR is set (= 1), the regeneration process for NOx absorber 18 (18a 
and 1 8b) is executed by a separate control circuit 30 using a routine not shown here. This process is 
identical to those used in the working examples depicted in Figs. 5 and 6. According to the working 
example shown in Figs. 6 and 7, detection of the upstream NOx concentration in addition to the 
downstream NOx concentration and determination of NOx absorption capacity based on ..the 
interrelationship between these NOx concentrations have made it possible to obtain an accurate 
determination of the NOx absorption capacity even when the NOx concentration in the exhaust gas 
fluctuates widely depending on changes in engine running conditions. 

[0067] In the working examples depicted in Figs. 6 and 7, the NOx concentration in the exhaust 
gas upstream of NOx absorber 18 (18a and 18b) is detected directly by upstream NOx sensor 25 
(Figs. 2 and 3) which is installed in the upstream exhaust gas channel. The NOx concentration 
upstream of the NOx absorber is the NOx concentration of the exhaust gas from the engine, the 
magnitude of which is determined by the running condition of the engine, such as engine load and air 
intake flow. Instead of installing upstream NOx sensor 25 as described above, it is possible to 



calculate the NOx concentration upstream of the NOx absorber based on the engine running 
condition. 

[0068] In this case, the NOx concentration in the engine exhaust gas. RNU, should be measured 
beforehand under conditions in which the engine intake pressure, PM, (Fig. 2) or the accelerator 
opening, ACC, (Fig. 3), and the engine rpm, N, (in other words, the intake air flow) are varied. Using 
these measured values, NOx concentration RNU should be obtained as a function of intake pressure 
PM (or accelerator throttle opening ACC) and engine rpm N as shown in Fig. 8(A) (or Fig. 8(B)) in 
the form of a numerical table, and should be stored beforehand in ROM 32 of control circuit 30. In 
step 603 in Fig. 6, and in step 703 in Fig. 7, instead of reading the NOx concentration upstream of 
NOx absorber 18 (18a and 18b), the control system can be designed so as to read upstream NOx 
concentration RNU from Fig 8(A) (or Fig. 8(B)), the numerical tables of RNU based on engine 
intake pressure PM read by air intake sensor 15 shown in Fig. 2 (or accelerator opening ACC read by 
accelerator opening sensor 55 shown in Fig. 3) and engine rpm N read by rpm sensor 21. 

[0069] By designing the control system in such a manner that the NOx concentration upstream of 
the NOx absorber can be computed from the engine running condition, NOx sensor 25 upstream of 
the NOx absorber can be deleted to simplify the control system and reduce its cost. Using Figs. 9 
through 11, other working examples of this invention are explained next. In the working examples 
described above, the absorption capacity of the NOx absorber is determined by the change in the 
NOx concentration downstream of the NOx absorber, and if the absorption capacity becomes lower 
than a specified value, the regeneration cycle of the NOx absorber is initiated. In contrast to this 
procedure, in this working example, regeneration of the NOx absorber is implemented at specified 
time intervals which are corrected in accordance with the NOx concentration in the exhaust gas 
down stream of the NOx absorber. It is possible to achieve the regeneration process of the NOx 
absorber depending on the change in the absorption capacity of the NOx absorber to the same degree 
as the working examples explained above by providing correction to the interval between 
regeneration cycles. 

[0070] Figure 9 explains how the regeneration cycle interval for the NOx absorber is controlled in 
this working example. Figs. 9(A) and 9(B) are similar to Fig. 1 in which the relationship between the 
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NOx absorption time of the NOx absorber and the NOx concentration in the exhaust gas downstream 
of the NOx absorber is depicted. In this working example, control circuit 30 detects the downstream 
NOx concentration, NAR, after a certain time period, TR, has passed since the NOx absorber started 
to absorb NOx in the exhaust gas, based on which the NOx absorption time (time interval between 
the two successive regeneration cycles) is corrected. In other words, if this NOx concentration, NAR, 
is larger than a specified value, say NAC, it is determined that the absorption capacity of the NOx 
absorber has deteriorated, and the NOx absorption period (or the time interval between the two 
successive regeneration cycles) can be shortened by a specified amount. If, on the other hand, NOx 
concentration NAR is lower than specified value NAC, it is determined that the NOx absorption 
capacity of the NOx absorber is still sufficient, and the NOx absorption period (the time interval 
between two consecutive regeneration cycles) is extended by a specified amount. 

[0071] For example, as in the case of Fig. 1(B), Fig. 9(A) depicts a case when the NOx absorption 
capacity of the NOx absorber has decreased. In this case, NOx concentration NAR in the exhaust gas 
downstream of the NOx absorber (output of downstream NOx sensor 20), when time TR has elapsed 
after the absorption cycles started, becomes greater than the specified value NAC. Hence, control 
circuit 30 will shorten the regeneration cycle interval, TINT, by a specified amount, AT. With this 
operation, as indicated by the solid line in Fig. 9(A), the regeneration process takes place before the 
NOx concentration in the exhaust gas downstream of the NOx absorber increases greatly, thus 
preventing deterioration of exhaust gas quality. 

[0072] On the other hand, contrary to the case discussed above, Fig. 9(B) depicts the case when 
there is spare capacity for NOx absorption left in the NOx absorber, which will occur when the 
engine exhaust of NOx is decreased due to a change in engine running conditions. Since there is 
spare NOx absorption capacity in the NOx absorber, NOx concentration NAR in the exhaust gas 
downstream of the NOx absorber has not reached the specified value of NAC after time penod TR. 
Yet. in this case, if the regeneration of NOx is earned out with the same regeneration cycle interval 
as before, the regeneration takes place under the condition at which the NOx absorbed in the NOx 
absorber is small, not making maximum use of the absorption capacity of the NOx absorber. Under 
this condition, control circuit 30 increases the regeneration cycle time interval TINT by a certain 



amount (e.g. 1/2-DT) to increase the NOx absorption by the NOx absorber by a sufficient amount 
before starting the regeneration of the NOx absorber. With these procedures, efficient purification of 
exhaust gas making maximum use of the NOx absorption capacity of the NOx absorber can be 
realized. 

[0073] In addition, in this working example, the value of NAC to check NOx concentration NAR 
is set around 50% of the NOx concentration (IN) of the exhaust gas upstream of the NOx absorber, 
and the time period TR to check the NOx concentration is set around 1/2 of the standard regeneration 
period (e.g. 3 minutes). Fig. 10 depicts a flow chart designed to perform the correction operations of 
the regeneration cycle interval mentioned above using the configuration of the exhaust gas 
purification system shown in Fig. 3. This routine is executed by control circuit 30 at a specified time 
interval. 

[0074] In Fig. 10, as soon as the routine starts, the elapsed time, t, is checked to see whether or not 
it agrees with the specified time TR in step 1001. Here, elapsed time / is the time elapsed since the 
changeover of the NOx absorber between 18a and 18b has started by the routine shown in Fig. 11, 
which is described later. If t is not equal to TR in step 1001, the routine skips the next operations and 
is completed at step 1019. If t = TR, engine rpm N and accelerator opening ACC are read by their 
respective sensors 21 and 55 (see Fig. 3) as the parameters representing the engine running 
conditions in step 1003. In step 1005, the NOx concentration of the engine exhaust gas is calculated 
using Fig. 8(B), which is based on the parameters mentioned above. The NOx concentration thus 
determined will be multiplied by a certain constant (e.g. 0.5) and is stored as NAC in the RAM of 
control circuit 30. 

[0075] Next, in step 1007, NOx concentration NAR of the exhaust gas downstream of NOx 
absorbers 18a and 18b is read by downstream NOx sensor 20. The value of NAR is then compared 
against NAC in step 1009. If, in step 1009, it is found that NAR >NAC, it is determined as before 
that the NOx absorption capacity of the NOx absorber has deteriorated. Hence in step 1011, the 
regeneration cycle time interval TINT will be shortened by an arbitrary amount AT. In step 1013, the 
amount CH of the reducing agent from the reducing agent supply system 41 is increased by a set 
amount of ACH during the regeneration cycle. If, in step 1009, NAR < NAC, it is determined that 
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there is ample spare absorplior. capacity still left in Ihe NOx absorber. Then in step 1015 the 
regeneration cycle time interval TINT is increased by 1/2AT, while in step 1017 the reducing agent 
supply flow CH from the reducing agent supply system 41 will be decreased by a specified amount 
1/2ACH. 

[0076] Here, the reason an additional correction is made to reducing agent supply CH in response 
to ,he value of NAR is as follows. When the NOx saturation quantity in the NOx absorber has 
diminished due to its degradation, its absorption capacity can be restored to some degree by the use 
of a richer air-fuel mixture in the exhaust gas for regenerate. When regeneration of the NOx 
absorber is insufficient due to an increase in the exhaust gas flow during the regeneration resulting 
from foreign matter being trapped in exhaust gas changeover valve 2 (src), it is necessaty ,„ obtain 
an appropriate air-fuel ratio during the regeneration cycle by increasing the supply of reducing agent. 

[0077] Although regenerate cycle interval TINT and the flow of reducing agent supply CH 
mentioned above are set a, appropriate values (initial values) when the engine starts, they can also be 
se, as follows. A backup RAM, which can retain the memory even when the engine is stopped can be 
installed in control circuit 30 to store regeneration interval TINT and reducing agent flow CH, which 
have been defined by the routine mentioned above. These stored values can be used as the initial 
values. Although no, shown in the „ ow diagram of Fig ,„ ,, js possjb|e (q ^ 

tn.en.al TINT and reducing agent S up pl y CH from becoming cither too large or too small afier the 
correction procedures mentioned above by setting maximum and minimum values for these 
parameters. 

[0078] Next, Fig. , , depicls . flow d , agram for ^ ^ ^ ^ 

cycle interval TINT and reducing agent supply CH. Thts routine is also executed a. a specified time 
tnterva, by control ctrcui, 30 as in the routine shown in Fig. ,0. fn Fig. „, as soon as the routine 
starts. ,„ step M01, At is added to time parameter , tha, represents the elapsed time after the 
changeover between NOx absorbers 18a and ,8b rakes place. Here. At corresponds to the execution 
..me mcremen, for this routine. As described later, parameter , will be cleared immediately after the 
changeover operation of NOx absorbers ,8a and ,8b is completed. Hence, the value of, represents 
the elapsed time after the changeover process of NOx absorbera 18a and 18 b is completed 
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[0079] In step 1 103, the value of t which had been incremented by At given above is checked to see 
if it is greater than regeneration cycle interval TINT, that had been corrected above, or not. If t is 
greater than the corrected TINT, exhaust gas changeover valve 22 is switched in step 1 105 while the 
amount CH of the reducing agent, which had been corrected by the routine shown in Fig. 10, is 
supplied from reducing agent supply system 41 to the NOx absorber to regenerate the NOx absorber. 
In step 1107, which is after the changeover valve is switched, parameter t will be cleared and the 
routine ends. If, in step 1 103, / has not reached TINT, the regeneration process mentioned above is 
skipped and the routine advances to step 1 109, and the routine is immediately completed. 

[0080] As explained above, this working example permits appropriate regeneration operations 
responding to the changes in the absorption capacity of the NOx absorber so that deterioration of 
exhaust gas quality resulting from degradation of the NOx absorption capacity can be prevented, and 
at the same time it permits effective use of the absorption capacity of the NOx absorber. Although 
the working examples depicted in Figs. 10 and 1 1 were explained using the configuration of Fig. 3, 
they can be by the configuration shown in Fig. 2 in the same manner in which one NOx absorber is 
located in the exhaust gas channel, and the engine air-fuel ratio is switched to the rich side or to the 
stoichiometric air-fuel ratio. In this case, for example, in steps 1013 and 1017 of Fig. 10, instead of 
increasing or decreasing the supply of reducing agent flow, fuel supply to the engine can be increased 
or decreased during the regeneration period. 

[0081] In the working example depicted above, testing criteria value NAC for NOx concentration 
NAR was calculated based on the NOx concentration of the engine exhaust gas that was also 
calculated from the running conditions of the engine. This can be replaced by the following method. 
Test value NAC can be determined by NOx sensor 25 (as shown in Figs. 2 and 3) which is installed 
in the exhaust gas channel upstream of the NOx absorber to directly detect the NOx concentration of 
the exhaust gas upstream of the NOx absorber. Moreover, in the working example mentioned above, 
the NOx concentration in the exhaust gas at the time when a specified time has elapsed since the 
absorption process by the NOx absorber has started was used as the test NOx concentration value 
NAR. Instead of using the one-time measurement of the NOx concentration as NAR, this step can be 
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replaced by the use of an average of several NOx concentration measurements taken during, a 
specified time interval. 

[0082J In addition, tea, value NAC can be a fixed value instead of a certain ratio of the upstream 
NOx concentration mentioned above. 
[0083J 

[Effects of the invention) The exhaust gas purificarion system invented herein detects the NOx 
concentration in the exhaust gas passing tough the NOx absorber by the NOx sensor located 
downstream of the NOx absorber, based on which the absorption capacity of the NOx absorber is 
determined direct.y. Appropnate regeneration of the NOx absorber is performed baaed on the 
changes in the absorption capacity of the NOx absorber thus determined. With these procedures i, i s 
possible to achieve efficient exhaust gas purification effectively ufilizing the absotpfion capacity of 
the NOx absorber to prevent deterioration of the exhaust gas charactenstics regardless of the changes 
,n the saturation of the NOx absorber or fluctuations ,„ the engine runmng conditions. 
[Brief Explanation of Drawings] 

[Fig. 1] explains the principles used in this invention in determining degradation of the absorption 
capacity of the NOx absorber. 

[Fig. 2] shows an overall schematic of a working example of an internal combustion engine using 
the exhaust gas purification system based on this invention. 

[Fig. 3] shows an overall schematic of another working example of an internal combustion engine 
usmg the exhaust gas purification system based on this invention. 
[Fig. 4J explains the NOx absorption and emiss.on operations of the NOx absorber used in this 



invention. 



[Fig. 5, shows a sample flow diagram for setting the regeneration timing for the NOx absorber of 
this invention. 

[Fig. 6] shows a sample flow diagram for setting the regeneration „m,ng for the NOx absorber of 
this invention. 

[Fig. 7] shows a sample flow diagram for setting the regeneration timing for the NOx absorber of 
this invention. 
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[Fig. 8] shows the format of the numerical table to express the NOx concentration in the engine 
exhaust gas. 

[Fig. 9] explains the operations to correct the regeneration cycle interval of the NOx absorber. 
[Fig. 10] shows a flow diagram for sample operations to correct the regeneration cycle interval of 
the NOx absorber. 

[Fig. 1 1] shows a flow diagram for a sample regeneration process of the NOx absorber. 

[Explanation of Reference Materials] 

1 . . . Internal Combustion Engine 

17... Exhaust Gas Channel 

18, 18a, and 18b . . . NOx Absorbers 

22 . . . Exhaust Gas Changeover Valve 

20 and 25... NOx Sensors 

30 . . . Control Circuit 

41 . . . Reducing Agent Supply System 
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[Fig. 4] 



[Fig. 6] 
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